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Summary 
Four visits were made to 50 dairy farms in England and Wales between February 
2003 and February 2004 and a further three visits to 42 of these farms between 
February 2005 and February 2006. At each visit the locomotion of all cows was 
scored (15,597 cows, 34,643 measures). Multivariable regression analyses were 
preformed to identify risk factors associated with increased lameness (poor 
locomotion). Factors associated with mean herd poor locomotion were dry cows 
kept in straw yards compared with cubicle houses, pregnant heifers kept with 
milking cows compared with dry cows in winter, passage way widths <3m 
compared with ? 3m, a kerb height of <_15cm compared with >15cm, routine 
trimming of claws of all cows by a claw trimmer or by the farmer compared with 
no routine claw trimming, feeding maize silage to milking cows compared with 
other forage types, and the use of automatic scrapers compared with tractor 
scrapers in the cubicle house. 
Farmers recorded the lesions they observed while treating lame cows. Sole ulcer, 
white line disease and digital dermatitis were the three most frequently recorded 
lesions. The occurrence of sole ulcer, white line disease or digital dermatitis 
compared with having no lesion was used as the outcome variable in three multi- 
level binomial logistic regression models with month from calving nested within 
cow nested within farm. Risk factors associated with increased risk of sole ulcer 
were being housed on sparse bedding for four months or more, having grooved 
concrete floors on the farm, large herd sizes and parity numbers of four and 
above. Risk factors associated with increased white line disease were grooved 
concrete floors increasing parity number. Risk factors associated with increased 
digital dermatitis were grooved concrete floors and large herd sizes. 
A large clinical trial was used to assess the effect of intervening on known risk 
factors associated with lameness. Farmers in the treatment group received farm 
specific recommendations grouped under five targets areas which reflected the 
hypothesised aetiologies of sole ulcer, white line disease and digital dermatitis. 
There were small reductions in locomotion score and sole ulcer rate on treatment 
farms compared with control. These suggested that the hypotheses that reduced 
standing time and encouraged increased lying time through improved cow 
comfort may reduce sole ulcer were, at least in part, correct. There was no clear 
effect of treatment on the rate white line disease and digital dermatitis. It is 
likely that more than one of the following factors explain the lack of significant 
results from these initial investigations; poor recognition of lameness by farmers, 
insufficient uptake of recommendations, predisposition to lameness from 
previous lameness event and insufficiently specific lesion definitions. 
Chapter 1 
Introduction 
General introduction 
Lameness is a term used to describe impaired locomotion resulting from painful 
diseases and conditions of the back, legs and feet (O'Callaghan, 2002). Painful 
conditions causing lameness not only impair the welfare (Whay et at., 1997) of 
the individual but also result in economic losses to the farmer or herdsperson 
(Kossaibati and Esslemont, 1997). Lameness is currently one of the three largest 
disease syndromes the UK dairy herd alongside mastitis and infertility 
(Esslemont and Kossaibati, 1996). 
Incidence and prevalence of lameness 
Reported estimates for lameness in the UK vary due to both the recorder and the 
method of measurement. Eddy and Scott (1980) and Russell et al. (1982) 
reported the incidence of lameness cases treated by veterinarians to be 7.3% and 
5.5% respectively. However, the incidence of lameness recorded at small 
veterinary practice in Cheshire was 30.0% (Prentice and Neal, 1972). In a study 
by Whitaker et al. (1983) the annual incidence of lameness treated by 
veterinarians was 6.3% compared with 18.7% treated by farmers. Therefore 
72.0% of lameness treatments are carried out by farmers. This is similar to the 
figures reported by Clarkson et al. (1996) where, with the exception of farms in 
one region, between 70% and 78% of lameness was treated by farmers. 
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When the incidence of lameness in the UK includes the number of cases treated 
by stockmen and foot trimmers the estimates of incidence range from 17%, 
(Collick et al., 1989) and (Esslemont and Kossaibati, 1996), through 55% 
(Clarkson et al., 1996) to 70% (Hedges et al., 2001; Green et al., 2002). Outwith 
the UK the incidence of lameness has been estimated as 7.0% in Southwest 
Victoria, Austrailia (Harris et al., 1988) and 17.5% in Kenya (Gitau et al., 1996). 
Clarkson et al. (1996) reported the prevalence of lameness across 37 dairy farms 
was 21%. Huxley et al. (2004) reported a similar prevalence of 24% for 15 
organic dairy farms. In Sweden and The Czech Republic the prevalence of 
lameness were 5% (Manske et al., 2002a) and 22% (Dembele et al., 2006) 
respectively. The prevalence of lameness in the USA lameness was 14% in 
summer and 17% in spring (Wells et al., 1993), 21% in summer and 24% in 
winter (Cook, 2003) and 65% (Sprecher et al., 1997). 
Eighty-eight percent of reported lameness cases are associated with disorders of 
the feet with the remaining 12% attributed to the leg or other sites (Russell et al., 
1982). Of the cases affecting the feet of dairy cattle 92% are in the hind feet and 
65% of these are in the lateral claw (Murray et al., 1996). 
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Costs associated with lameness 
Economic losses resulting from lameness 
Most farmers are aware of the potential financial losses associated with treating 
lame cows such as medicines, use of a contract claw trimmer and the cost of 
veterinary treatments. However, numerous other factors exist which may 
produce additional financial losses for example fertility problems, increased 
culling rates and poor production. 
Increased calving to conception intervals were reported for lame cows when 
compared with non-lame cows (Collick et al., 1989; Sprecher et al., 1997; 
Hernandez et al., 2001; Hernandez et al., 2005). Hernandez et al. (2005) also 
reported that the calving to conception was longer for cows with high (worse) 
cumulative locomotion scores than those with low cumulative locomotion scores. 
In lame cows the odds of conceiving were almost half than that of non-lame 
cows (Hernandez et al., 2001). Collick et al. (1989) also reported a reduction in 
pregnancy rate at first service in lame cows compared with non-lame cows. 
However, Barkema et al. (1994) found no such association between lameness 
and conception rates at first service. There was an increase in the interval from 
calving to first service and from first service to conception where the first service 
did not hold (Barkema et al 1994). Milk production in the previous lactation was 
a confounder for calving to first service interval and first service to conception 
interval. Garbarino et al. (2004) reported lame cows were 3.5 times more likely 
to have delayed ovarian cyclicity compared with non-lame cows. Increased 
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number services per conception were reported for lame cows compared with 
non-lame cows (Collick et al., 1989; Sprecher et al., 1997). 
Lameness has been associated with an increased risk of culling (Rajala-Schultz 
and Grohn, 1999). In a French herd, 3.9% of cows were culled primarily because 
of lameness or foot/leg defects (Seegers et al., 1998). Lame cows were 8.4 times 
more likely to be culled than non-lame cows (Sprecher et al., 1997). Lameness 
diagnosis in early to mid lactation was most significantly associated with culling 
between 121-240 days in milk (Booth et al., 2004). Lameness in late lactation is 
associated with culling to a lesser extent because the effects on production are 
less (Rajala-Schultz and Grohn, 1999; Booth et al., 2004). Farmers may also 
consider the impending dry period an opportunity for lame cows to recover. 
Barkema et al. (1994) reported lower culling rates in lame cows then non-lame 
cows. However, milk production in the previous lactation was also higher in 
lame cows and the authors suggest that farmers are more likely to tolerate 
lameness in high yielding cows. 
A number of studies have reported decreases in milk production associated with 
lameness. Losses of 1. lkg/d in Friesian, Ayrshire, and Holstein crossbreeds and 
2.6kg/d in predominantly Holstein herds in America were reported by Lucey et al. 
(1986) and Warnick et al. (2001). A reduction in 305 day milk yield of 856kg 
was reported for cows lame with interdigital necrobacilosis compared with non- 
lame cows (Hernandez et al., 2002). Hernandez et al. (2005) reported a 
reduction in milk yield of 874kg for cows with high cumulative locomotion 
scores compared with non-lame cows. However there was no difference in milk 
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production between moderately lame cows and non-lame cows. In a study by 
RajalaSchultz and Grohn (1999) reductions in milk yield were recorded for up 
to two weeks before diagnosis and persisted for up to six weeks or longer after 
diagnosis, in first parity animals. For animals in parity four or greater the milk 
yield of non-lame cows was lower compared to the yield of lame cows greater 
than 28 days before diagnosis. Green et al. (2002) reported that lame cows had a 
greater potential yield than that of non-lame cows. It is estimated that over one 
lactation cows which were lame could had produced an additional 400kg of milk 
had they not been lame. 
Esslemont and Kossaibati (2002) calculated the health costs associated with the 
average case of lameness is £171.56. On average each cow has 1.4 cases of 
lameness therefore the cost per cow is £178.23. The calculation included both 
direct costs and indirect costs of lameness. Direct costs were treatment cost 
including farmers' time and veterinary intervention, cost of milk withdrawal and 
cost of reduction in milk yield. Indirect costs were increased culling, longer 
calving interval and extra services. When taking into account only the direct 
costs of the main production diseases of dairy cattle lameness accounts for 25% 
(Esslemont and Kossaibati, 2002). Enting et al. (1997) estimated the cost of 
lameness in The Netherlands to be £18.10 per cow per year, accounting for 4-5% 
of the average income on a Dutch dairy farm (Enting et al., 1997). However, 
excluding cost of fertility problems, a similar value of around £17.82 ($42.90 
Australian Dollars) was estimated for Australian dairy farms Harris et al. (1988). 
Lameness accounted for only 5% of disease cost on dairy farms in Ohio, USA 
(Miller and Dom, 1990). Of the cost associated with lameness the majority are 
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associated with reactive treatment and culling. Only 13% of costs are associated 
with lameness prevention of which the main costs are a contract claw trimmer 
(Miller and Dom, 1990). 
Welfare implications 
The costs of lameness extend beyond financial considerations. The cost of 
lameness to an individual cow should also be considered in terms of the welfare 
of that animal. 
O'Callaghan et al. (2003) demonstrated that higher posture scores i. e. deviations 
from a level spine, even pace and feet pointing in the direction of travel 
(considered to be the normal walk of a sound cow), were associated with chronic 
claw lesions and that the severity of the lesion affected the daily activity levels of 
the cow. This implies that such lesions not only cause pain but also impair the 
ability of the cow to perform normal behaviours. Treatment of lame cows 
initially depends on the ability of the farmer to identify lame cows. A recent 
paper reported that most UK farmers underestimate the prevalence of lameness 
on their farms (Whay, 2002). Wells et al. (1993) also reported that locomotion 
scores recorded by farmers were 2.5 times lower than those recorded by 
researchers. This suggests that a number of lame cows are not treated until the 
lameness becomes severe enough to be recognised by the farmer or recover 
without receiving treatment. The perceived pain associated with lameness varies 
between cattle practitioners (Huxley and Whay, 2006). The median pain scores 
for practitioners who used analgesics for the treatment of sole ulcer and digital 
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dermatitis were significantly higher than for practitioners who never used 
analgesics for the treatment of sole ulcer and digital dermatitis. Despite the high 
pain scores associated with sole ulcer and digital dermatitis 43.2% and 43.6% of 
practitioners stated that they never used analgesics for the treatment of these 
conditions (Huxley and Whay, 2006). Improving the ability of those working 
with dairy cattle to perceive the pain is essential to improving the detection and 
treatment and aftercare of lame cows. 
Cows show considerable signs of discomfort when lame yet tend to remain in the 
herd until later in lactation than those culled for disorders of the udder (Seegers 
et al., 1998; Booth et al., 2004), because they continue to breed and produce milk 
(O'Callaghan, 2002). This demonstrates that even with signs of severe 
discomfort and, by inference, pain in many cases the decision-making process 
regarding whether a cow remains in a herd is driven largely by economics. 
Defining lameness: automatic detection, visual scoring of 
locomotion and records of claw lesions 
Lameness detection systems have been developed which measure ground 
reaction forces and their use has been trialled in a commercial farm situation 
(Tasch and Rajkondawar, 2004). However, it will still be some time before the 
use of such systems become affordable and widespread. 
Until such a time as automated systems are available visual assessments of 
locomotion remains the usual approach. A number of scoring systems have been 
reported in the literature, which assess the locomotion of cows based on any 
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number of attributes of their gait (Table 1.1). Visual assessments of locomotion 
may be carried out live where whole herds can be rapidly assessed or using 
videos where the number in a study may be restricted by the logistics of 
acquiring good quality videos of individual animals. Videos do however provide 
the opportunity for independent assessment by many observers in a randomised 
viewing sequence. 
Table 1.1 Locomotion scoring techniques 
Author Score Description 
Manson and 1 Minimal abduction/ adduction, no unevenness of gait, 
Leaver (1988) no tenderness 
1.5 Slight abduction/ adduction, no unevenness of gait, 
no tenderness 
2 Abduction/ adduction present, uneven gait, perhaps 
tenderness 
2.5 Abduction/ adduction present, uneven gait and 
tenderness 
3 Slight lameness not affecting behaviour 
3.5 Obvious lameness, some difficulty turning, not 
affecting behaviour 
4 Obvious lameness, difficulty turning, behaviour 
affected 
4.5 Some difficulty rising, difficulty walking, behaviour 
affected 
5 Extreme difficulty in rising, difficulty walking 
adverse effects on behaviour 
Tranter and 0 No abnormality of gait 
Morris (1991) 1 Lameness hardly noticeable 
2 Slightly lame 
3 Markedly lame 
4 Affected limb not weight bearing 
Whay et al. 1 Sound 
(1997) 2 Imperfect locomotion 
3 Mild lameness 
4 Moderate lameness 
5 Severe lameness 
6 As lame as possible while upright 
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Table 1.1 continued Locomotion scoring techniques 
Author Score Description 
Wells et al. 0 None - Gait abnormality not visible at walk; not 
(1993) reluctant to walk 
1 Mild - Mild variation from normal gait at walk; 
includes intermittent gait asymmetry or mild bilateral 
or quadrilateral restriction in free movement 
2 Moderate - Moderate and consistent gait asymmetry 
or symmetric gait abnormality, but able to walk 
without continuous stimulation 
3 Severe - Marked gait asymmetry or severe 
symmetric abnormality 
4 Non ambulatory - Recumbent 
Sprecher et al. 1 Cow stands and walks with a level back posture. Her 
(1997) gait is normal 
2 Stands with level back but arched back when 
walking. Gait is normal 
3 Arch back while standing and walking. Gait is 
affected. Shortened strides with one or more limb 
4 Arched back posture always evident. Gait best 
described as one deliberate step at a time 
5 The cow demonstrates an inability or extreme 
reluctance to bear weight on one or more limb 
Winkler and 1 Normal gait 
Willen (2001) 2 Uneven gait 
3 Short striding gait with one limb 
4 Short striding gait with more than one limb or strong 
reluctance to bear weight on one limb 
5 Does not support on one limb or strong reluctance to 
put weight on two or more limbs 
Cook (2003) 1 No gait abnormality - Walks rapidly and confidently, 
making long strides with a level back 
2 Mild lameness - Walks more slowly, making shorter 
strides with an arched back. Stands with a level back 
and does not appear to favour a limb 
3 Moderate lameness - Often thin. Walks slowly 
making deliberate short steps with an arched back, 
may favour a limb. Makes frequent stops. Encounters 
difficulty turning. Stands with an arched back and 
frequently lifts affected foot. 
4 Severe lameness - Usually very thin. Moves slowly, 
making frequent stops to reset affected limb. Only 
partially weight bearing. Frequently salivates. 
Encounters extreme difficulty turning. Stands and 
walks with pronounced arched back. 
Whay et al. 0 Sound 
(2003) 1 Abnormal locomotion/ perhaps tender 
2 Lame 
3 Severely lame 
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Reported agreement between observers using locomotion scoring techniques 
varies. Using a5 point locomotion scoring system Winkler and Willen (2001) 
reported 68% exact agreement and 98% agreement where scores differed by one 
score between 2 observers. This was higher than the agreement reported by 
Engel et al. (2003) between nine observers and one expert using a9 point 
locomotion scoring system. Here the average agreement was 40% and 80% 
where scores differed by one point. In addition to the effects of observer one 
must take into account the floor surface on which the cows walk during scoring 
(Phillips and Morris, 2001; Telezhenko and Bergsten, 2005), recent claw 
trimming sessions (Aoki et al., 2006) and the time since milking (Flower et al., 
2006). 
The automatic detection of lameness or the scoring of locomotion allows 
researchers, veterinarians or farmers to assess the prevalence of lameness in a 
herd. However, these methods do not identify the cause of the lameness. 
Identification of specific claw horn lesions or other causes is essential for 
targeted prevention of lameness. Numerous methods of recording claw lesions 
have been reported previously. These often record the types of lesion, the 
position of the lesion on the claw and the severity of lesions (Logue et at., 1994; 
Clarkson et al., 1996; Smilie et al., 1999). 
The bovine claw 
Figure 1.1 illustrates the gross anatomy of the bovine claw. In the bovine claw 
the epidermis is specialised and forms a horny capsule around the distal phalanx, 
middle phalanx and navicular bursa (Leach, 1996). The epidermis forms four 
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specialised regions of claw horn. A soft layer of perioplic horn (Figure 1.1) 
covers the coronary band, the junction between the skin and claw horn. The horn 
of the wall grows down distally from coronary epidermal cells (hoof plate, 
Figure 1.1). Bulb horn encases the caudal surfaces of the claw (Figure 1.2). Sole 
horn occupies the remaining surface of the claw between the bulb horn and the 
white line (Figure 1.2). The white line is the junction between the horn of the 
sole and the wall (Figure 1.2). The two horn surfaces interdigitate to provide 
strength (Leach, 1996). 
Claw horn is formed when epidermal cells undergo the process of keratinisation. 
As the epidermal cells migrate away from the basal membrane keratin filaments 
form keratin masses as keratin associated proteins are cross-linked by disulphide 
bonds (Bragulla et al., 1994). This process provides physical strength to the horn 
tissue. The white line does not contain keratin masses and is therefore weaker 
than both the horn of the wall and sole (Budras et al., 1996). The final stage of 
keratinisation is comification during which keratinising epidermal cells produce 
the intercellular cementing substance. As glycoproteins in the intra cellular 
cementing substance undergo cell-cell adhesion the outer most layers of 
epidermal cells form a strong permeable barrier (Mulling et al., 1999). The 
process of keratinisation depends on an adequate supply of nutrients. A 
disruption in nutrient supply leads to the formation of poor quality hoof horn 
because of poor keratinisation (Mulling et al., 1999). The dermis (corium) is a 
higher vascular and sensitive structure which supplies nutrients to the epidermis 
(Leach, 1996) 
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Figure 1.1 Structure of the bovine claw 
Tendon sheath 
Extensor tendons 
Middle phalanx o: 
Periople ( 
ýlyi 
Perioplic horn 
Coronary cushion fý 
Coronary epidermis / 
(horn plate) / 
Distal phalanx f- - ýp 
(pedal bone) 
r» ? -' 
Flexor tendon 
(superficial) 
fFlexor tendon 
(deep) PF (deep) 
Navicular (distal 
sesamoid) bone 
ricular bursa 
-' Subcutaneous digital cushions 
White line 
Courtesy of Ch Mulling (adapted by Judith Brown) 
of the bovine claw 
; >-)le 
Diseases causing lameness 
Courtesy of R Blowey 
There are numerous diseases which affect the bovine hoof or surrounding tissues 
of the foot. The most frequently reported lesions are described and their 
aetiology and reported incidences are summarised in Table 1.2. 
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Risk factors for lameness 
Cows may be predisposed to lesions causing lameness as a result of internal 
changes within the claw such as those occurring at the time of calving (Tarlton et 
al., 2002). Aspects of the cow's environment and management have been 
associated with lesions which cause lameness. Exposure to these potential risk 
factors cause increased trauma to the claw. 
Lying comfort 
The base and bedding materials used in cow cubicles (free access stalls) varies 
across farms and it is not clear which, if any, of the available surfaces is best for 
the health of legs and claws. Wechsler et al. (2000) reported a significantly 
higher incidence of leg injuries over the tarsus (hock) in cows housed in cubicles 
with mats compared with those on cubicles bedded with straw. Given a choice, 
cows preferred cubicles deeply bedded with sawdust or sand to cow mattresses 
(Tucker et al., 2003). Cows with cubicles with a thin layer of sawdust and lime 
on concrete were reported to have decreased lying times, poorer locomotion and 
increased sole haemorrhage scores compared with those on a thin layer of 
sawdust on rubber mats however, cubicle size and type differed between these 
two groups (Leonard et al., 1994). Improved lying times were also reported for 
straw yards when compared with cubicles (Singh et al., 1993b). Singh et al., 
(1993a) reported that increased standing times were related to poor locomotion 
and increased sole lesion scores. Lying times were also increased where cows 
were housed in cubicles with larger dimensions (Tucker et al., 2004). Faull et al. 
(1996) reported increased lameness (locomotion scores) in 37 herds associated 
with limited `borrowing' space at the front and side of cubicles, low side rails, 
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kerb heights greater thanl6cm and low quantities of bedding in cubicles. Bowell 
et al., (2003) reported that the ratio of cubicles to cows was negatively correlated 
with locomotion score. Cow comfort and lying times may therefore be important 
in the development claw lesions. 
Floor surfaces and hygiene 
The floor surfaces in the winter housing environment may also be important for 
lameness control. Smooth walking surfaces have been associated with increased 
locomotion scores (Faull et al., 1996; Dembele et al., 2006). The stride length of 
cows walking on slippery surfaces is shortened (Phillips and Morris, 2001; 
(Telezhenko and Bergsten, 2005). Telezhenko and Bergsten, (2006) reported 
that cows walk with a more natural gait on rubber floors and that lame cows 
show less asymmetry on rubber floors than on concrete. Cows were less likely to 
develop heel erosion when housed on rubber floors (Vanegas et al., 2006). 
However, risk of developing other claw lesions was not affected by floor type. 
Vokey et al. (2001) failed to find a difference in the amount of clinical lameness 
in cows housed on rubber floor compared with concrete. Sogstad et al. (2005) 
reported an increased risk of digital dermatitis for cows housed on solid concrete 
floors compared with those on slatted floors without scrapers. Slatted floors with 
scrapers were associated with a decreased risk of digital dermatitis. It was also 
reported that cows with restricted or zero grazing had an increased risk of digital 
dermatitis, suggesting both improved cleanliness and reduced stocking may be 
important factors in reducing digital dermatitis (Somers et at., 2005). Gregory et 
al. (2006) reported that sole horn exposed to slurry, urine and rainwater was 
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softer and heel horn exposed to washings from newly laid concrete became 
swollen. Softer claws are associated with more severe claw lesions (Borderas et 
al., 2004). 
Track surfaces and stockmanship 
Poor maintenance of track surfaces on which cows walk to and from pasture is 
associated with increased lameness (Chesterton et al., 1989; Clackson and Ward, 
1991). The walking surface on `cow walks' created by the repeated use of a 
specific part of a track, were scored as `more ideal' than whole track (Clackson 
and Ward, 1991). If given a choice cows will select the `cow walks' in 
preference to other areas of the walking surfaces (Faull et al., 1996). Increased 
lameness was also associated with impatient handling of cattle while being 
brought in for milking, for example using a dog or tractor to drive cattle 
(Chesterton et al., 1989; Clackson and Ward, 1991). 
Claw trimming 
Claw trimming procedures have been investigated with respect to the spread of 
digital dermatitis. Wells et al. (1999) reported a decreased risk of digital 
dermatitis where hoof trimming equipment was washed between cows. Having a 
hoof trimmer that trimmed cattle feet on other units was also associated with an 
increased risk of digital dermatitis (Wells et al., 1999). 
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Nutrition 
High starch low fibre diets result in significantly higher incidences of laminitis 
(inflammation of the corium), sole ulcer, white line lesions and heel erosions 
(Livesey, 1984; Livesey et al., 1998; Webster, 2001). Faye and Lescourret, 
(1989) reported an association between feeding maize silage and metabolic claw 
diseases (laminitis, haemorrhage and ulcers of the sole and horizontal fissures). 
Greenough and Vermunt, (1991) reported that in a group of heifers those, which 
had reached the heaviest weights at their first service had the highest 
haemorrhage scores compared with those with the lowest body weights. It is 
possible that feeding of high energy rations to growing heifers may result in 
increased weights at first service and therefore a greater risk of lesions or 
lameness once they enter the milking herd. 
Role of epidemiology in studies of lameness 
Epidemiology studies the prevalence, risks and prevention of disease in 
populations (Dohoo et al., 2003). Consequently, epidemiological studies may be 
used to define disease, estimate prevalence or incidence, identify risks for disease 
and establish whether these risks are causal through intervention studies. 
Designing epidemiological studies of lameness is inherently difficult because 
lameness is a clinical presentation of many diseases with several aetiologies and 
pathogeneses. Epidemiological studies where several diseases and exposures can 
be studied simultaneously in an observational setting are very useful (Dohoo et 
al., 2003). Such studies are relatively quick and cheap compared with using cows 
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as experimental animals and studying each disease and possible risk separately 
(Dohoo et al., 2003). 
Early epidemiological studies of lameness primarily reported the incidence of 
lameness, usually the incidence of the common claw lesions (Prentice and Neal, 
1972; Eddy and Scott, 1980). As the number of cattle treated for lameness by 
farmers increased locomotion scoring techniques were developed used to 
estimate the prevalence of lameness (Clarkson et al., 1996). 
Using multivariable modelling numerous risks for lameness or lesions can be 
considered together (Gitau et al., 1996; Somers et al., 2005; Amory et al., 2006; 
Dembele et al., 2006). The effects of confounders and other interrelationships 
between measured risks factors may therefore be identified. Some risk factor 
studies have been reported between the incidence of lameness and possible risks, 
for example season, herd size, housing type and time of calving (Whitaker et al., 
1983; Rowlands et al., 1983). Individual risks associated with increased lameness 
or specific lesions have also been reported (Sogstad et at., 2005; Rodreguiz- 
Lainz et al., 1999; Weary and Taszkum, 2000). 
Observational studies 
Whilst epidemiological studies might be most appropriate for understanding 
lameness in dairy cows there are challenges in study design, data quality and data 
analysis. Design may be affected by observer bias, case definition, 
representativeness of data and farmer compliance. One technique to minimise 
observer bias is to use only one observer e. g. a single researcher measured the 
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prevalence of digital dermatitis lesions (Somers et al., 2005) and locomotion 
(Amory et al., 2006). This is probably a better approach than that used by Faull et 
at. (1996) where farms were visited by one of four veterinarians with no 
standardisation of recording techniques. 
In the UK there is no central or local recording of lameness lesions or even 
treatment and so there are no historical data readily available from a central 
source. There are no standard definitions for lameness or lesions. Definitions of 
claw lesions are often based on the clinical presentation of the lesion at the time 
of treatment. However, this does not necessarily reflect the degree of pain 
associated with the lesion. If lesions cases are not followed until they are fully 
resolved then the case definition of each lesion type must include an arbitrary cut 
off for when an occurrence of a lesion becomes a new case. 
Where estimates of prevalence are made the sample should represent the study 
population. However, a completely random sample of the study population is 
often not possible. The cost of visiting farms across a wide area mean that study 
populations may be selected from smaller geographical regions which may not 
represent the wider populations (Fault et al., 1996). Selection criteria may also 
be imposed, such as herd size categories, which may introduce selection bias. 
The population may also be selected from a specific source, for example a data 
base of respondents to a previous study (Rodrigeuz-Lainz., 1999) or recording 
data with an organisation (Sogstad et al., 2005). Again, this may bias the study 
towards farmers with a certain mind set. Epidemiological studies are usually 
voluntary and therefore rely on the willingness of farmers to participate. This 
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may inadvertently introduce selection bias as only farmers tolerant of surveys 
and research projects will respond positively if invited to participate. 
Large studies of lameness often rely on farmers to record cases of lameness 
because the cost of researchers visiting farms is too great. This too may affect 
the utility of case definition of lesions and, in addition, compliance of farmers is 
invariably higher where recording of health records is routine (Alban, 1995). 
However in the UK routine recording of all cases of lameness is not common 
place and considerable effort must be made to improve compliance. Regular 
communication, incentives and feed back may be required to achieve good 
compliance (Dohoo., 2003). 
Questionnaires, interviews or farm observations by a researcher may be used to 
measure the risks associated with lameness. Completing observations of the 
farm and interviewing farm staff are time consuming compared with 
questionnaires sent via the post. However, observations of the farm alone would 
fail to capture information about management practices just as questionnaires or 
interviews would not identify all risks in the environment. A combination of 
methods is therefore likely to provide the most comprehensive data set. 
In a study of risk factors for digital dermatitis, lesions were recorded by a 
researcher using structured case definitions (Somers et al., 2005). Risk factor 
data were collected using a combination of fanner interview and direct 
measurements of aspects of the housing. Individual cow data were also collected 
from computerised records. In another study of risk factors for digital dermatitis 
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the prevalence of digital dermatitis was estimated by showing pictures and 
standardized descriptions of digital dermatitis to dairy producers and collecting 
retrospective data of treatments for digital dermatitis (Wells et al., 1999). On 
74.4% of farms lesion estimates were based on records on the remainder of farms 
accuracy of the data relied upon the ability of the farmer to recall historical 
treatments. This is likely to be lower than data collected by a researcher. The 
prevalence of digital dermatitis in these two studies was 19% (Wells et al., 1999) 
and 30% (Somers et al., 2005). The higher prevalence of digital dermatitis 
reported by Somers et al. (2005) may have been influenced by the method of 
measuring digital dermatitis. However, populations represented in these two 
studies are different. A range of housing types (tie stall and cubicle housing) in 
the USA were included in the study by Wells et al. (1999). Whereas Somers et 
al. (2005) reported the prevalence for cubicle housed cattle in the Netherlands. 
Controlled trials 
Controlled trials (intervention studies) typically investigate the effect of a single 
exposure on disease. Examples of controlled trails on lameness in diary cattle 
include the effect of supplemental biotin (Hedges et al., 2001), effect of different 
footbathing solutions (Manske et al., 2002b) and the effect of rubber flooring 
(Vengas et al., 2006). Green et al. (2007) recently published the first large farm 
based mastitis control study in dairy cows. Farmers were given multiple 
interventions on known risk factors for lesion specific causes of mastitis. Unlike 
the previous approach to controlled trials this method can control for the 
associations between different exposures but may be less useful for estimating 
23 
the magnitude of effect of any specific intervention. Green et al., (2007) reported 
a cumulative effect of the number of interventions completed and the reduction 
in rate of clinical mastitis. In animal health research where financing clinical 
trials is difficult this approach offers an advantage over controlled trials which 
investigate a single exposure. In addition, for complex disease presentations 
several risks may need to be removed before any disease reduction is observed. 
The above design permitted this hypothesis to be tested, all be it at the expense of 
elucidating whether individual risks were key to reduction of mastitis. 
A quantity of data on risk factors for lameness and claw lesions has now been 
accrued as presented earlier in this chapter, from many observational studies and 
small intervention studies. The lessons from the studies above together with 
generic epidemiology indicate that the time was right in 2002 to investigate 
lameness in dairy cows using well designed and implemented observational 
studies and the first multifactorial intervention study. 
Conclusions 
Evidence for housing and management factors which increase the risk of dairy 
cattle becoming lame continues to mount. However little evidence is available to 
suggest that intervening on one or more of these risk factors on a commercial 
dairy farm can reduce lameness. Previous interventions, successful as small 
controlled trials, include the use of topical antibiotic treatments and footbath 
solutions for the treatment of digital dermatitis (Manske et al., 2002b) and biotin 
supplementation for the prevention of white line disease especially in older 
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cattle (Hedges et al., 2001a). There are currently no reports of an intervention 
study across a range of dairy farming systems in the UK. 
Aims 
In its most simplistic form the overall aim of this study was to reduce lameness 
in dairy cattle. Many of the studies reporting risks for lameness have 
concentrated on specific areas of the farming system. Few have attempted to 
assess the risks across the whole farm. While our knowledge of risk factors for 
lameness increases there is no apparent decrease in the incidence of the disease. 
As such, there is a need to develop strategic lameness reduction programmes 
based on the current knowledge and to assess their impact on the incidence of 
lameness on commercial farms. 
The aims of this study were to: 
1. Identify risk factors for increased lameness and lesions causing lameness 
across commercial dairy cow farming systems (observational study) 
2. Investigate lesion specific risks for lameness (observational study) 
3. Determine whether the implementation of current knowledge of risk 
factors for lameness on commercial dairy farms could reduce the 
incidence of lameness on those units (intervention study) 
The study form part of a larger EU funded framework 5 project (OLRT-2001- 
00969) "A multidisciplinary approach to the reduction of lameness and 
improvement in diary welfare in the European Community, Lamecow". on 
lameness in the European dairy herd `LAMECOW'. The members of the group 
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at Warwick University were Professor Laura Green, Jonathan Amory (post- 
doctoral researcher), Zoe Barker (PhD student) and Joanne Wright (research 
technician). The group was responsible for the epidemiological aspects of the 
Lamecow project. Collection of data in the UK was completed by ZB and JW. 
Collection of data in The Netherlands, Germany and Poland was completed by 
subcontracted claw trimmers. The collection and analysis of these data was 
coordinated by JA. Additional support and veterinary advice for the UK study 
was provided by Roger Blowey. 
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Chapter 2 
Materials and methods 
Introduction 
The data collection occurred in two phases that for the risk factor study in year 
one and the intervention study in year three. Throughout the whole study the 
prevalence and incidence of lameness was monitored on all study farms. In this 
chapter the methods used to monitor lameness prevalence, (locomotion scoring) 
and incidence (recording of treatments of lesions causing lameness) are 
described. The methods used to collect data on risk factors for lameness during 
the first year of the study including, questionnaires and direct observations of 
potential risk factors are described in this chapter. 
During the intervention study the effects of implementing interventions aimed at 
reducing lameness were investigated. Details of the methods specific to this 
intervention study are described in Chapter 6. 
For the purpose of this thesis the dairy farmers, herdspersons or farm managers 
representing the farms are called farmers. 
Recruiting farms 
Four hundred and ninety-eight farmers that had participated in a previous study 
on mastitis (Peeler et al., 2002) were contacted by letter (Appendix A, Page 166). 
Farmers were asked whether they would agree to participate in a study to 
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investigate risks for lameness in dairy cattle. They were specifically asked 
whether they would record cases of lameness in their cattle. Farmers were also 
asked if they would allow researchers to visit their farm, to locomotion score 
their cattle and collect data on management from an interview and direct 
observations of their farm. Finally, farmers were invited to attend a training day 
on lesion recognition. 
A total of 342 (68.7%) responses were received from farmers of which 170 
(49.7%) agreed to participate in the study. A second letter was sent to farmers 
(Appendix B, Page 169) who had agreed to take part in the project with details of 
the dates and locations of the training events. Fifty-three farmers (31.2%) 
indicated that they would attend one of the training events. Evening training 
events where held in May 2003. These were hosted by four agricultural colleges 
and one farm, the locations of which are shown on Figure 2.1. The attending 
farmers represented farms with a range of herd sizes and geographical locations 
and so they were selected as the `visit' group i. e. they were later visited by 
researchers who locomotion scored all cows, made direct observations of the 
farm buildings and tracks and collected information on the management of the 
farm in an interview with the farmer. 
The remaining farmers, who wished to participate in the study but were not 
willing to attend a training event, were allocated to the `postal' group. These 
farms were not visited by researchers so no direct observations of the farm were 
made and the cattle were not locomotion scored. Information on the 
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management of these farms was collected using a questionnaire which was sent 
by post to the farmers with a prepaid return envelope. 
Farmers in both the `visit' and `postal' groups were asked to record the lesions 
observed while trimming the claws of cows using a standard recording form 
(Appendix C, Page 171). 
Figure 2.1 Locations of participating farms and training events 
Sample size 
We planned to locomotion score all cows on all farms on four occasions so that a 
range of housing situations were represented (i. e. grazing, the early 
autumn/winter housing period and late winter housing). The sample size was 
therefore constrained by the time required for the researchers to visit the farms 
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four times each year. It was estimated that visiting between 50 and 60 farms 
would take 25-30 weeks per year therefore representing the maximum sample 
size. 
Training events 
The aim of the training events was to standardise lesion recognition by the 
farmers taking part in the study. Five events were carried out around the UK in 
Lancashire, North Yorkshire, Cheshire and Gloucestershire and Devon. Farmers 
were given a practical demonstration of foot trimming and lesion recognition and 
completed a quiz using slides of various lesion types. The demonstration was 
given by Roger Blowey, FRCVS (Figure 2.2). 
This thesis considers the 53 farms enrolled into the main `visit' study. 
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Data collection 
A range of data collection methods were employed to gather data for a series of 
research questions. These were direct observations by researchers (cattle and 
farm environment), data recorded by the farmer (claw lesions) and farmer 
interviews. Data were collected from study farms during one of seven visits. 
The timing of the farm visits are summarised in Table 2.1 and the type of data 
collected are summarised in Table 2.2. 
Table 2.1 Time and arazin2 season of visits to farms for locomotion scorin 
Visit number Time of visit Housing status Number Study 
of farms period 
1 Feb-May 03 Late winter 53 
housing/ early 
grazing 
2 Jun - Aug 03 Grazing 52 Year 1: 
Risk factor 
3 Nov - Dec 03 Early winter 51 study 
housing 
4 Jan - Mar 04 Late winter 51 
housing 
5 Jan - Feb 05 Late winter 42 Year 3: 
housing Intervention 
6 Jul - Aug 05 Grazing 42 study 
7 Jan - Feb 06 Late winter 41 
housing 
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Table 2.2 Summary of data collected for the risk factor study (Feb 03-Mar 04 
Data collected When collected Purpose of data 
Locomotion score of all At all visits To measure lameness prevalence 
cows 
Cleanliness score of hind At all visits Indicator of diet & cleanliness of 
limbs and flanks of all environment 
cows 
Hock score of all cows At all visits Cause of lameness & indicator of cow 
comfort 
Assessment of bedding All visits during Indicator of cow comfort 
quality and quantity housed period 
Consistency of faeces At all visits Indicator of gastrointestinal function 
Interview with farmer Visit 2 Identification of potential lameness 
risk factors associated with 
management 
Direct observations of Visit 2 Assessment of potential lameness risk 
summer environment and factors in the summer environment 
walkways 
Direct observations of Visit 3 Assessment of potential lameness risk 
winter housing factors in the winter environment 
environment 
Observations of cubicle Visit 4 Indicator of cow comfort 
use by cows 
Exit questionnaire Visit 4 Indicator of farmer attitudes to 
lameness 
Locomotion scoring by researchers 
The three point locomotion scoring method used in this study is defined in Table 
2.3. The scoring system was a modification of the method described by Sprecher 
et al. (1997). The top 3 scores (scores 3 to 5) from the Sprecher method were 
merged to form a score 3 which covered all severities of clearly lame cows. It 
was therefore possible to locomotion score cows by observing only the back 
posture while walking and standing. 
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Table 2.3 - Locomotion score 
Score 1 Score 2 Score 3 
Flat back when 
standing 
Flat back when 
standing 
Arched back when 
standing 
Flat back when 
walking 
Arched back when 
walking 
Arched back when 
walking 
A list of cow identifications was used to ensure all cows were scored and all 
milking and dry cows were scored at each farm visit unless they were housed 
away from the farm, too sick to be scored, calving or accidentally missed. On 
most farms, cows were identified by the freeze brand mark usually located on 
their rear. Cows on 15 farms did not have freeze brands. On 14 farms the cows 
were identified by the farmer and on one farm the cows were identified by 
numbers written on tape wrapped around the tail. 
To locomotion score the cows it was necessary to have a good observation point 
where the observer could see the cow profile as she walked past without startling 
the cows or disturbing cow flow. Ideally cows were scored as they exited the 
parlour. When there was no suitable area to observe the cattle at the exit of the 
parlour, cows were scored in a concrete yard (usually a feeding and/or loafing 
area). On 12 of the farms with unbranded cows, scoring took place in a loafing 
area, in between milking times, with the farmer present to identify the cows. On 
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the remaining two farms the cows were identified by the farmer and scored as 
they exited the parlour. 
During the summer grazing period, cows were scored in the field unless large 
numbers per field made finding all cows difficult or lists of cow identifications 
were difficult to follow or were not available, and then cows were scored as they 
exited the parlour. 
Recording of claw lesions causing lameness by the farmer 
Farmers were asked to record claw lesions whenever a cow was treated for 
lameness. A recording form was designed which standardised the identification 
of lesions and where the location of the lesion could to be marked on a diagram 
(Appendix C, Page 171). Farmers were asked to use the same cow identification 
as used for locomotion scoring. 
All farmers were also provided with a laminated colour copy of a lesion 
reference sheet which gave names, descriptions and pictures of the common 
presentations of all the major lesions seen across Europe (Appendix D, Page 
172). In order to encourage continued participation in the study, letters 
containing spare lesion recording forms and prepaid envelopes were sent out to 
the farmers every two months. 
Recording of hock lesions by researchers 
All cows were scored for the presence and severity of hock lesions on both hind 
limbs by the researchers during the visits to the farms. Hocks were scored using a 
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scale of 1 to 3, where score 1 represented a hock with no damage and score 3a 
severely damaged hock (Table 2.4). When the severity of the lesions on each 
limb differed then the highest score was recorded. The cows' hocks were 
examined for evidence of damage while the cows were locomotion scored. 
Farmers also recorded the presence of hock lesions on their cows when they 
considered them to be the cause of lameness. 
Table 2.4 - Hock lesion scores 
Score 1 Score 2 Score 3 
Agreement between researchers for locomotion, hock and cleanliness 
scores 
The locomotion, hock lesions and cleanliness of 20 cows was assessed by 3 
researchers on the same day. The inter-observer reliability was calculated using 
both the percentage agreement and the Pearson's correlation coefficient. 
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No Lesions on hock Hock with hair loss Hock bleeding, 
or mild swelling ulcerated or with 
large swelling 
Risk factors for lameness 
Cow exposures 
COW CLEANLINESS 
All cows were given a score for cleanliness ranging from 1 to 3 as described in 
Table 2.5. As with hock lesions scores, cleanliness was assessed while the cows 
were being locomotion scored. 
Table 2.5 Cow cleanliness score 
Score 1 Score 2 Score 3 
Completely clean Dirty feet and legs Dirty feet, legs and 
hind quarters flank 
ý -- UW- IVWL . 7- , I- ý 
Exposures 
STATIC RISK FACTORS 
A farmer interview and direct observations, completed at a single time point, 
were used to capture information which was unlikely to change between visits. 
A comprehensive interview was completed by all farmers at visit 2 (Appendix E, 
Page 174). This requested data about the management of the dairy system 
including housing, breeding, nutrition and herd health. A second questionnaire 
(exit questionnaire), was sent to farmers prior to visit 4 and was collected at that 
visit (Appendix F, Page 185). This was designed to gauge farmers' attitudes 
towards lameness in their herd. 
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Permanent structures on the farm such as buildings, yards, tracks and walkways 
were assessed once during the recording period either in winter (Appendix G, 
Page 187) or summer (Appendix H, Page 193) appropriate for the cow's 
environment. These data comprised visual assessments and measurements of the 
cows' environment, for example, the quality of walking surfaces and building 
dimensions. 
VARIABLE RISK FACTORS 
At each visit a number of factors which may have varied between visits were 
measured. Farmers were also asked if they had made any changes to housing or 
management practices since the previous visit. 
The cleanliness and depth of the bedding was measured in each area in which 
cows were housed according to the scheme defined in Table 2.6. 
Table 2.6 Bedding cleanliness and depth scores 
Score 1 Score 2 Score 3 
Bedding Bedding clean and Bedding lightly Bedding heavily 
cleanliness dry soiled but dry soiled and wet 
Bedding Bedding deep and Bedding uneven and Little or no bedding 
depth even patchy 
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The consistency of faeces was scored (Table 2.7). Where possible, 20 faecal pats 
were scored for each group of cows. Less than 20 faecal pats were scored where 
there were insufficient faecal pats present either because there were only a small 
number of cows in the group or the housing had been recently scraped. Pats 
were only considered if they were fresh (had not dried out) and their form had 
not been destroyed by cows walking through them. 
Table 2.7 - Faecal scoring system 
Score Description 
1 Dry - Faeces is stiff 
2 Normal - Circular pat with depression in centre 
3 Loose - Slightly liquid, and thinly spread 
4 Liquid - Thin watery faeces, may be abnormal 
colour or contain undigested forage 
Milk yield and milk quality data 
Permission to access National Milk Records (NMR) herd data electronically was 
obtained from all but one of the farmers using the National Milk Records (NMR) 
milk recording service. For these herds information on current and previous 
lactations was obtained for all cows in the herd as an electronic download from 
the Interherd program (University of Reading, Pan Livestock Services) and 
managed in a data base (Microsoft Access 2003). 
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Data management and checking 
A data base was created in Microsoft Access (2003) into which the data were 
entered and managed. 
The data from five randomly selection farms were checked for data entry errors 
against the paper records. Data for 0.73% of cow records were entered 
incorrectly. Descriptive statistics were calculated for all risk factor data and 
unusual values checked against paper records to check for entry errors. Follow 
up phone calls were made to four farmers to collect data where a question in the 
farmer interview had been missed or an unusual response had been recorded. 
Results 
Farmer participation 
Of the 498 farmers contacted, 53 were enrolled into the study (10.6%). The 
geographical location of each farm is presented in Figure 2.1. During the first 
year of the study three farmers withdrew from the study due to ill health or 
retirement. For various reasons including lack of time and plans to sell the dairy 
herd, seven farmers opted not to continue with the study between the final visit 
of the risk factor study in year one and the beginning of the intervention study in 
year three (Table 2.1). During the intervention study one farm was lost from the 
study after the herd was sold. 
During the study researchers were unable to make one visit to each of three farms 
during the early winter housing period in 2003 (visit 3) for the following reasons. 
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One farm was not visited due to a family bereavement. Staff changes on the 
second farm lead to researchers being unable to contact the appropriate member 
of farm staff. The third farmer stated he was too busy for researchers to visit at 
that time. All other farms were visited 4 times during the risk factor study and a 
further 3 times during the intervention study (Table 2.1). 
The first visit to all farms was planned for the end of winter 2003. However, 
delays in receiving replies from farmers and the extra time required for 
organising visits to farms at the outset of the project resulted in the first round of 
visits to farms taking approximately three months to complete and thus spanned 
the spring turnout period. Subsequent rounds of visits were completed in six- 
nine weeks each and avoided any periods where housing changes might be 
occurring. 
Repeatability of scoring systems 
There was moderate agreement and significant (p<0.01) Pearson's correlation for 
locomotion scores between the researchers present at the farm visits (Table 2.8). 
ZB scored higher JW when locomotion scoring i. e. score both more cows with 
score 3 (lame) and fewer cows with score 1 (non-lame) than JW. The selection 
of cows was not ideal for calculating the repeatability of the of the hock lesion 
and cow cleanliness scoring systems because the only two of the three available 
scores were represented. Agreement was also moderate and good for hock lesion 
and cleanliness scores respectively. ZB was again scored higher when scoring 
hock lesions and cow cleanliness than JW. 
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Table 2.8 Percentage agreement and Pearson's correlation coefficients for the 
locomotion, hock lesion and cow cleanliness scores of 20 cows recorded by two 
researchers 
Percentage Pearson's correlation 
agreement coefficient 
Locomotion score 65% R =0.64 (p<0.01) 
Hock lesion score 60% R2=0.40 (p<0.1) 
Cow cleanliness score 95% R2=0.79 (p>0.01) 
Farmer records of lesions causing lameness 
Despite regular letters and contact at the visits some of the farmers lagged behind 
in returning data on lesions treated. Most forms from the first year of recording 
were returned promptly but three farmers had still not returned forms by 
September 2005 - almost 18 months later. These farmers were contacted 
regularly by phone until the completed forms were returned. A similar number 
of farmers had outstanding lesion records at the end of the intervention study 
(31/01/06). These were completed and returned by March 2006. 
Complete records of lesions were returned by the farmers for 49 farms for study 
year 1 (01/02/03-31/01/04) and 41 farmers continued to return lesion records in 
years 2 (01/02/04-31/01/05) and 3 (01/02/05-31/01/06). 
Data on a total of 9622 lesions were recorded from the farms visited in the study. 
Data on 3450 lesions were excluded from the analyses for one or more of the 
following reasons; the lesion was not recorded within the date range of the study 
(01/02/03-31/01/06), the farmer did not consider the cow to be lame, the 
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lameness status of the cow was not recorded, the primary lesion causing 
lameness was not recorded or the cause of lameness stated by the farmer did not 
match the location that the farmer marked on the diagram. 
Management and farmer attitudes questionnaires 
Using an interview technique to complete the management questionnaire ensured 
100% compliance. All the interviews were successfully completed at visit 2. The 
completed exit questionnaire was either collected at the final visit of year one or 
returned by post shortly after by 47 of the 50 farms. Three farmers failed to 
return the exit questionnaire. 
Training events 
Farmers representing 30 out of the 53 farms attended one of the five training 
events (Table 2.9). 
Table 2.9 Location, date and attendance at 5 training events held for study 
farmers 
Event Location Event Date Number Attendance 
expected 
Hartpury College, 01/05/03 14 7 
Gloucestershire 
Myerscough College, 08/05/03 8 6 
Lancashire 
Reasheath College, Cheshire 09/05/03 9 6 
Castiles Farm, North 21/05/03 9 6 
Yorkshire 
Seale Hayne College, Devon 29/05/03 13 5 
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Discussions of methods 
Representiveness of the study population 
The study population represent a range of geographical regions. There were 
fewer farms representing Cheshire, an important dairying area, than the South 
West the other major dairying area in England. An amount of selection bias may 
occurred by selecting farmers who had participated in previous study of mastitis 
in dairy cow (Peeler et al., 2002). The farmer selected therefore had a positive 
attitude towards research projects. However, the prevalence of lameness and 
incidence of claw lesions in the study population was unlike to be affected by 
this selection. 
Visit logistics 
The extended time taken to complete the first group of visits was unavoidable 
because replies to the recruitment letters were still being received after the farm 
visits had begun. It was hoped that all farms within a region could be visited in 
one trip to maximise time efficiency, however due to the delay in some replies 
some regions were visited more than once. The initial phone calls to farmers 
also took longer than on subsequent occasions because it was necessary to 
explain the format of the visit to the farmer and to answers any questions about 
the project. It was also necessary to obtain herd size, milking times and 
directions to the farm from the farmer. It would have been preferable not to have 
had cows on some farms housed and cows on others at grazing during the same 
round of visits. However, we felt it was more important to arrange visits 
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promptly after the farmer had agreed to participate. This meant we met the 
farmer personally and emphasised the importance of the study to them. The first 
meeting with the farmers and the following contact at visits and by telephone 
ensured farmers remained interested in the study. 
Data collection 
Locomotion scoring 
The lameness scoring system used in this study used only the presence or 
absence of an arched back posture while standing and while walking to 
differentiate between different severity scores. The scoring method allowed the 
majority of cows to be scored quickly and easily therefore providing a useful 
research tool. The simplicity of the scoring method suggests it may also be 
suitable for use as herd health management tool for farmers. For a small number 
of cows there were exceptions where the score failed to adequately describe the 
locomotion. The reasons for this are outlined below: 
1. Some cows stood with a flat back but were not weight-bearing on one 
foot. These cows walked with an obvious arch in their back and were 
clearly lame and therefore were assigned a score 3. 
2. Some cows had an arched spine or dipped loins as a result of poor 
conformation. In these cases it was necessary to look more carefully at 
the transition between walk and halt. If the cow's back appeared to relax 
and the arch decrease when the cow stopped walking then the cow was 
scored as arched walking and flat standing therefore were given a score 2. 
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Techniques used for locomotion scoring cows are often criticized for being too 
subjective. The three simple three point score used in this study was developed 
with aim of reducing the subjectivity of locomotion scoring. Disappointingly, 
the inter-observer repeatability suggests that the scoring method used was no 
more objective than the current published scoring systems. Inter-observer 
repeatability was 65% compared with 68% reported by (Winkler and Willen, 
2001) and 40% reported by (Engel et al., 2003). Expressed as a Pearson's 
correlation coefficient inter-observer repeatability was 0.64. Flower and Weary 
(2006) reported inter-observer repeatability's of 0.71 for a scoring system which 
assessed locomotion while taking into account 6 attributed of the gait of cattle. 
Where the severity of arching of the spine was assessed alone, by the same 
authors, inter-observer repeatability was 0.69. 
The moderate agreement between researchers, while disappointing, was not 
considered detrimental to the study results as the majority of the locomotion 
scoring was completed by one researcher (ZB). Where two researchers were 
present at the visit any locomotion scores not immediately apparent to the first 
researcher where discussed with the second and an agreed score recorded. The 
intra-observer repeatability may have varied between the beginning and end of 
the study as the sensitivity of the researchers improved. This potential observer 
drift was not measured in this study due to lack of time and equipment at the 
outset of the study. Future studies of this type should ensure regular video 
assessments of the same cows are completed and intra-observer repeatability 
measured. 
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Flower and Weary (2006) also reported that an overall score of locomotion 
taking into account 6 different attributes of gait was most effective for 
identifying cows with sole ulcer. Individual attributes of gait were also analysed 
separately. Cows with sole ulcer had more pronounced back arching. This 
provides evidence that a locomotion scoring technique based on the presence or 
absence of an arched posture as used in this study is an effective tool for 
identifying cows lame with sole ulcer. However, the exclusion of other gait 
attributes from the scoring system used in this study reduced its sensitivity in the 
middle range. Score 2 included both cows with mild back arching when walking 
and abnormal gait and those with more pronounced arching when walking and a 
slight limp. Flower and Weary (2006) suggested that when back arching alone 
was considered, analysis of the back arch at the lower end of the scale, i. e. mild 
arching, was more difficult that when back arching was pronounced. It is 
therefore possible that some score 1 cows in our study were in fact score 2 
lameness. Analysing the data using a continuous outcome rather than a binary 
one will have reduced the impact of such misclassification. 
The locomotion of cows is affected by the floor surface, in particular the 
frictional properties of the surface (Phillips and Morris, 2001; Telezhenko and 
Bergsten, 2005). Therefore the scoring of cows on different floor surfaces during 
the study may have affected locomotion scores. It was not possible to 
standardise the floor surface on which the cows walked while scoring in the 
winter housing due to the variation in concrete type and quality between farms. 
However turns, slopes and areas where cows were observed to slip were avoided. 
In the summer months cattle were scored either on grass whilst at grazing or on 
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concrete at the parlour exit. Telezhenko and Bergsten (2005) reported that 
locomotion was improved in both lame and non-lame animals when the floor 
surface was yielding such as at pasture. This must therefore be considered when 
interpreting the results of the analysis. It would therefore have been preferable 
not to assess the locomotion of cows on different farms on both concrete and 
grass. However, where the farmer was required to identify the cows, scoring had 
to be completed at their convenience and therefore the location was determined 
by the time of day i. e. whether the cows had been returned to grazing or not. 
Summary statistics at visit 1 are therefore grouped by visit and pasture / housed 
location. 
Hock lesion scoring 
As with locomotion scoring the hock lesion severity score was also less objective 
than desired. The differences between hocks with hair loss and abscesses or 
bleeding were easily defined. The allocation of scores based on the presence of 
hair loss and abscesses or bleeding was straight forward. However, there was 
greater ambiguity when defining the degree of swelling of the hock. As it was 
not possible to physically measure the amount of swelling around the hock of 
each cow researcher relied upon a visual assessment. Some misclassification of 
individual cows was inevitable but the effect of such under and over scoring of 
cows would be minimised at the herd level. 
Cow cleanliness scoring 
The cleanliness scores for individual cows provided an indirect measure of the 
management of the cows' environment, for example the cleanliness of bedded 
lying areas and cleanliness of concrete yards and passage ways. The cow 
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cleanliness score was also used as an indirect measure of the nutrition of 
individual cows. Although data on the components of the dairy cow ration were 
collected for all farms it was not possible to measure the feed intake of individual 
animals. If a ration lacks fibre or is too high in rapidly fermentable starch then 
the fermentation times are reduced and re-absorption of water is reduced 
resulting in looser faeces. This decreases the cleanliness of individual cows and 
result in increased amounts of slurry in the yards and passageways. Low fibre 
and high starch diets also result in a lower rumen pH causing acidosis. Acidosis 
is associated with increased incidence (Livesey, 1984; Livesey et al., 1998) and 
severity (Webster, 2001) of hoof lesions. 
Cow cleanliness score was also used along with bedding cleanliness as a measure 
of the management of the housed environment, to establish whether cows were 
using the lying area correctly. 
Inter-observer repeatability of the cow cleanliness score was good. However, it 
was not very sensitive. This is because it was very rare to find completely clean 
cows, even in the summer grazing period, because the cows are still collected 
into yards for milking twice per day where their legs become splashed with 
slurry. As a consequence, only 0.1% of cows had a score of 1 for cleanliness. 
The cleanliness score also failed to distinguish between those cows which had 
patches of dirt on the flanks and cows caked in slurry due to exceptionally dirty 
housing or from failing to lie in the cubicles. However, as it was not until after 
the summer grazing visits that the short comings of the scoring system became 
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clear it was decided to continue with its use to ensure the visit data were 
comparable. 
Lesions causing lameness recording forms 
Lesion recording forms were completed well by most farmers and returned on a 
regular basis. The variation between farmers was minimised by providing a 
laminated colour guide of all the lesions to aid correct identification. Less than 
1% of lesions were excluded from the analysis because the diagnosis given by 
the farmer and the location of the lesion indicated on the foot map did not match. 
The main reason for excluding lesions was farmers failed to identify the primary 
lesion - the lesion they believed to be causing lameness. The incidence is 
therefore underestimated. It may have been possible to reduce the number of 
lesion records excluded as a result of the farmer failing to identify a primary 
lesion by asking the farmers to record the severity of each lesion. However this 
would have increased the complexity of the lesion recording sheet which some 
farmers already found labour intensive to complete. 
Training Events 
The training events were well received by the attending farmers. Attendance was 
variable between events. The main reason for the poor attendance at the final 
training event at Seale Hayne was that it coincided with a few days of good 
weather during silaging time. For all of the training events, the farmers who 
failed to attend were predominantly those with furthest to travel. 
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Conclusions 
The locomotion scoring technique was simple to use and provided a useful 
research tool. However, it did not prove more objective that other scores 
currently described in the literature. There was good repeatability between 
researchers using the cow cleanliness scoring method. However very few cows 
were scored with the lowest score and it did not distinguish between dirty cows 
and cows with caked on slurry. A 100% compliance with the farmer interview 
ensured complete data for investigation of potential risks for lameness. The 
variation in lesion recording between farmers was reduced by the simple 
recording sheet design, colour reference list and training in lesion recognition. 
Training event attendance was not as high as had been hoped and might have 
been improved by reducing the distance required to travel by the farmers. 
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Chapter 3 
Descriptive summary of individual cow measures 
Materials and Methods 
Locomotion scores, hock lesion scores and cow cleanliness data were collected at 
farm visits between February 2003 and February 2006. Records of lesions 
causing lameness were collected by the farmers enrolled in this study. The 
methods of data collection employed are fully described in Chapter 2. 
In this chapter the lameness of the cows on the farms in the study is described in 
terms of locomotion observed approximately every 4 months (prevalence of 
lameness in the herd) and rates of lesions causing lameness (which can possibly 
be considered as the incidence of lameness). 
Case definitions for the incidence of lesions 
The length of time each lesion event lasted was not recorded so it was not 
possible to separate repeat treatments of the same lesion from new cases. For the 
purposes of calculating the rate of lesions per calendar month it was assumed that 
a cow could not become lame with the same lesion type on the same claw more 
than once during that study year (Pt Feb - 31St Jan). To adjust for herd size, 
lesion rates per 100 cows per month were calculated for each farm and the 
arithmetic mean of all farm lesion rates used. 
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For 31 herds lactation information was provided by National Milk Records 
(NMR) with the permission of the farmers. The rates of lesions per month in 
milk for the first ten months of lactation were calculated for the cows in these 
herds with a lesion defined as the first occurrence of a lesion type on each claw 
in that lactation. 
Results 
The mean herd size was 109 (range 38 to 421). The mean milk yield was 7830 
(range 5000 to 10200) kg per cow per year. The majority of herds were 
comprised of entirely Holstein and/or Holstein-Friesian (n = 42) or mainly 
Holstein-Friesian cattle and a small proportion of other breeds (n = 7) including 
pure bred Jersey, Ayrshire, Brown Swiss, and Meuse Rhine Issel (MRI) or these 
breeds crossed with Holstein-Friesian. 
Cow specific measures made during visits to farms: locomotion, 
cleanliness and hock scores 
The mean farm locomotion score in the first year of the study was 1.77 (s. e. m. 
0.02) with a range of 1.53 to 2.05 and in the third year of the study was 1.77 
(s. e. m. 0.03) with a range of 1.57 to 2.04. The mean farm cleanliness score was 
2.28 (s. e. m. 0.05) and ranged from 2.01 to 2.68 in the first year of the study and 
2.40 (s. e. m. 0.05) and ranged from 2.10 to 2.78 in the third year of the study. 
The mean farm hock lesion scores was of 1.28 (s. e. m. 0.02) and range of 1.03 to 
1.76 in the first year of the study and 1.37 (s. e. m. 0.06) with a range of 1.01 to 
2.11 in the third year of the study. The percentage of cows with each of the three 
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scores for locomotion, cow cleanliness and hock damages are summarised in 
Table 3.1. 
Table 3.1 Mean of the farm percentage (range) of cows in each score category 
(1-3) for locomotion, cow cleanliness and hock damage for study years 1 and 3 
Year of 
study 
Score Farm mean percent 
of each score of 
locomotion (range) 
Farm mean percent 
of each score of 
cleanliness (range) 
Farm mean percent 
of each score of 
hock damage 
(range) 
score 1 32.7 0.3 73.0 
(14.9-53.1) (0-5.0) (36.5-97.5) 
1 score 2 57.7 71.7 25.7 
(40.6-72.0) (32.5-96.8) (2.2-51.0) 
score 3 9.6 28.3 1.3 
(0.8-22.4) (3.2-67.5) (0-12.6) 
score 1 31.3 0.8 64.1 
(21.2 -45.3) (0-3.7) (5.0-98.7) 3 score 2 60.3 58.6 34.4 
(50.9 - 69.6) (21.9 - 89.4) (1.3-78.8) 
score 3 8.4 40.6 1.5 
(0.4-24.7) (10.1- 78.1) (0-16.2) 
Visits to farms which occurred between January and May 2003 were divided into 
2 categories; whether cattle were a) housed or b) at pasture at the time of the 
visit. Mean farm locomotion scores were lower (i. e. locomotion was improved) 
where cows were at pasture (Figure 3.1) compared with housed. Increased 
numbers of cows with score 2 and fewer cows with score 1 were recorded for 
most of the winter visits compared with visits taking place in the summer months 
(Figure 3.2). The exception to this being the visits which took place between 
January and February 05 where the percentage of score 2 was lower than other 
winter time visits is reflected in the lower mean locomotion score (Figure 3.1). 
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Figure 3.1 Mean and s. e. m. of the farm mean locomotion score by time of year 
and location of cattle 
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*All visits completed between Jan-May 03 were `visit 1'. The farms are divided 
according to the location of the cows at visit 1. 
Figure 3.2 Mean and s. e. m. of the percentages of cows scored as locomotion 
scores 1-3 on each farm 
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Both the prevalence and severity of hock lesions were affected by cattle location 
(Figure 3.3 & 3.4). The mean farm hock lesion scores recorded in the middle of 
the grazing periods, June-August 03 and June-July 05 were lower than if scores 
during the late winter housing. The mean farm hock lesion score remained low 
during the early winter housing in October-December 03 as the percentage of 
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animals with no hock damage (score 1) was high. The mean farm hock lesion 
score (Figure 3.3) and distribution of hock lesion scores (Figure 3.4) recorded 
during the early grazing period (January-May 03) did are similar to those 
recorded at the end of winter housing (January-May 03). 
Figure 3.3 Mean and s. e. m. of the farm mean hock lesion score by time of year 
and location of cattle 
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Figure 3.4 Mean and s. e. m. of the percentages of cows scored as hock lesion 
scores 1-3 on each farm 
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The mean cow cleanliness score was lower (i. e. cows were cleaner) when cows 
were at pasture (Figure 3.5). Similarly, the percent of cows with score 3 
cleanliness was also lowest for cows at pasture (Figure 3.6). 
Figure 3.5 Mean and s. e. m. of the farm mean cleanliness score by time of year 
and location of cattle 
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Figure 3.6 Mean and s. e. m. of the percentages of cows scored as cleanliness 
scores 1-3 on each farm 
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Lesions causing lameness 
Sole ulcer (29.3%), white line disease (22.2%) and digital dermatitis (14.6%) 
were the three most frequent lesions recorded by farmers treating lame cows and 
together accounted for 66.2% of all lesions (Figure 3.7). Hock lesions accounted 
for only 0.12% of the all the lesions recorded as a primary cause of lameness by 
farmers. The percentage of hocks lesions causing lameness is far smaller than 
the percentage of cows with severe hock lesions (score 3) recorded by 
researchers at the farm visits of 1.3% and 1.5% in years one and three 
respectively (Table 3.1). The median and range of the farm rates of sole ulcer, 
white line disease and digital dermatitis in years 1-3 of the study are summarised 
in Table 3.2. There was no difference between the rates of sole ulcer and white 
line disease between the 3 years of the study. However, the rate of digital 
dermatitis was lower in the third year of the study than in previous years. 
Figure 3.7 Percentage of 16 most frequent lesion types recorded as the primary 
cause of lameness at claw trimming sessions. 
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Table 3.2 Median (range) of the farm rates of sole ulcer, white line disease and 
digital dermatitis for three study years 
Study Median rate of sole ulcer Median rate of white line Median rate of digital 
year per 100 cows per year disease per 100 cows per dermatitis per 100 cows 
(range) year (range) per year (range) 
1 6.2 (0 - 28.5) 5.5 (0 - 30.7) 2.8 (0 - 69.5) 
2 8.4(0-41.2) 5.4(0-41.1) 2.1 (0-56.7) 
3 6.0 (0 - 54.8) 5.8 (0 - 19.4) 0.6 (0 - 17.2) 
Clear seasonal patterns were observed for sole ulcer and digital dermatitis rates 
per month (Figure 3.8). The rates of both these lesions were reduced during the 
summer months. Such patterns were not observed for the rate of white line 
disease. 
Figure 3.8 Rate of sole ulcer, white line disease and digital dermatitis lesions per 
study month as recorded by farmers 
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The rate of sole ulcer lesions by month in milk increased from calving to a peak 
at six months in milk before falling as month in milk increased. The rate of 
white line disease peaked at five months in milk. However, depressions in the 
rates of white line disease were recorded at three and nine months in milk (Figure 
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3.9). There was little variation in the rate of digital dermatitis during the first 
seven months of lactation after which it fell and remained at a lower rate. 
Figure 3.9 Rate of sole ulcer, white line disease and digital dermatitis lesions by 
month in milk 
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Location of lesions causing lameness 
For all types of lesion, the majority were recorded on the hind feet of cows (from 
79% of sole ulcer lesions in first lactation cows to 96% of digital dermatitis 
lesion in second lactation or older cows). In all cases the distribution of lesions 
between left and right feet was approximately equal. Sole ulcer and white line 
disease were predominately on the lateral hind claws. In contrast, sole ulcer and 
white line lesions that occurred on the front claw affected the medial claws to a 
greater extent (Tables 3.3-3.11). For white line disease and digital dermatitis 
lesions the percentage reported on the front feet was greater in first lactation 
cows compared with adult cows. 
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Table 3.3 Percentage of sole ulcer lesions on each claw for all cows 
Left feet Right feet 
Lateral Medial Medial Lateral 
Front 4.1 5.6 6.8 3.2 19.7 
Hind 31.3 7.8 3.6 37.6 80.3 
35.4 13.3 10.4 40.8 
Table 3.4 Percentage of sole ulcer lesions on each claw for first lactation cows 
Left feet Right feet 
Lateral Medial Medial Lateral 
Front 2.7 9.2 5.3 3.9 21.1 
Hind 28.9 10.5 5.3 34.2 78.9 
30.6 19.7 9.2 39.5 
Table 3.5 Percentage of sole ulcer lesions on each claw for second lactation or 
older cows 
Left feet Right feet 
Lateral Medial Medial Lateral 
Front 4.5 4.8 7.1 3.0 19.4 
Hind 31.8 7.1 3.3 38.4 80.6 
36.3 11.9 10.4 41.4 
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Table 3.6 Percentage of white line lesions on each claw for all cows 
Left feet Right feet 
Lateral Medial Medial Lateral 
Front 3.3 5.2 5.2 3.3 17.0 
Hind 42.6 3.0 2.6 34.8 83.0 
45.9 10.3 6.9 38.1 
Table 3.7 Percentage of white line lesions on each claw for first lactation cows 
Left feet Right feet 
Lateral Medial Medial Lateral 
Front 3.4 6.9 6.9 3.4 20.6 
Hind 34.6 3.4 0.0 41.4 79.4 
38.0 10.3 6.9 44.8 
Table 3.8 Percentage of white line lesions on each claw for second lactation or 
older cows 
Left feet Right feet 
Lateral Medial Medial Lateral 
Front 3.3 5.0 5.0 3.3 16.6 
Hind 43.6 2.9 2.9 34.0 83.4 
46.9 7.9 7.9 37.3 
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Table 3.9 Percenta ge of dig ital dermatitis lesions on each claw for all cows 
Left Right 
Front 4.7 1.3 6.0 
Hind 41.9 52.1 94.0 
46.6 53.4 
Table 3.10 Percentage of digital dermatitis lesions on each claw for first lactation 
cows 
Left Right 
Front 7.0 5.3 12.3 
Hind 33.3 54.4 87.7 
40.3 59.7 
Table 3.11 Percentage of digital dermatitis lesions on each claw for second 
lactation or older cows 
Left Right 
Front 4.0 0.0 4.0 
Hind 44.6 51.4 96.0 
48.6 51.4 
In total, over 90% of lesions causing lameness were treated only once. The 
percentage of times a cow was treated for a lesion occurring on the same claw 
more than once in the same lactation is summarised in Table 3.12. 
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Table 3.12 The percentage of treatments by the farmer of the same lesion type on 
the same claw in the same lactation. 
No. of Sole White Digital All other 
lesion ulcer line dermatitis lesions 
occurrences disease 
1 88.1% 89.9% 92.2% 93.4% 
2 10.0% 8.9% 6.1% 5.7% 
>2 1.9% 1.3% 1.7% 0.9% 
Associations between locomotion, hock lesions and cow cleanliness and 
claw lesions causing lameness 
There were positive association between locomotion score and hock lesion scores 
(p<0.01) (Figure 3.10a) and hock lesion scores and cow cleanliness score 
(p<0.05) (Figure 3.10c). Locomotion score was not correlated with cow 
cleanliness score (p=0.16) (Figure 3.10b). Mean locomotion score was also 
positively correlated with the incidence of sole ulcer (p<0.05) (Figure 3.11 a) and 
digital dermatitis lesion (p<0.05) (Figure 3. llc) but not white line disease 
(p=0.24) (Figure 3.1 lb). 
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Discussions 
Case definitions of lameness 
Including only the first lesion per study period or per lactation for the calculation 
of lesion rates provided a conservative estimate, as the duration of each lesion 
event was not available. Tranter and Morris, (1991) reported the mean recovery 
time as 38 ± 19 days, 32 ± 12 days and 35 ± 20 days for sole bruising, sole ulcer 
and white line disease respectively, on New Zealand dairy farms. However, in a 
study by Green et al (2002) losses in milk yield associated with cases of clinical 
lameness persisted for up to 5 months after diagnosis, indicating that recovery 
may be longer. Amory et al, (submitted in Prev. Vet Med) reported significant 
milk loss associated with sole ulcer and white line disease for at least 5 months 
after treatment. No significant reduction in milk was recorded for cows with 
digital dermatitis by the same authors. Cows treated for sole ulcer, white line 
disease and digital dermatitis have a decreased nociceptive threshold. 
Nociceptive threshold remains depressed 28 days after treatment for sole ulcer 
and white line disease but does not differ from non lame cows for digital 
dermatitis (Whay et at., 1998). Pain associated with digital dermatitis is likely to 
be acute but short lived. Therefore digital dermatitis lesions may resolve more 
quickly than sole ulcer and white line disease where the pain is chronic and 
prolonged. However, the percentage of cows for which more than one lesion 
was treated per study period was small (Table 3.9). It seems therefore reasonable 
to exclude this small number of lesions records. 
An increased incidence of sole ulcer and digital dermatitis on a farm was 
associated with poor mean farm locomotion scores in this study. There was no 
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such association for the incidence of white line disease and mean farm 
locomotion score. This may be because the farm means do not fully reflect the 
response of an individual cow to lesions causing lameness. It may also be that 
that the way in which a cow alters her gait differs between lesion types and the 
locomotion method used in this study is less sensitive for white line disease than 
other lesions. Matching of the lesions recorded by farmers and the locomotion 
scores would provide further information into the effects of individual lesion 
cases on the locomotion of the affected animal. The length of time locomotion is 
affected after treatment may also be estimated. The time taken for farmers to 
treat cows with poor locomotion scores can be calculated providing an insight 
into the ability of farmers to detect lameness. However, the complexity of 
linking these two data sets precluded such analysis within the time allowed for 
this study. Therefore within this thesis these two data sets are analysis 
separately. 
Variation with time in milk 
Evidence exists for a peak in lameness occurrence 3-5 months after calving 
(Green et al., 2002; Tranter and Morris, 1991). It has been proposed that changes 
in the suspensory apparatus within the hoof lead to increased movement of the 
third phalanx within the horn capsule of the claw around the time of calving 
which results in an increased risk of physical damage to the sensitive corium 
within the claw (Tarlton et al., 2002). It is further proposed that such damage to 
the corium results in the production of poor quality horn which is visible at the 
weight bearing surface two to three months later (Lischer et al., 2001) as the hoof 
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horn grows. In this study the treatment rates of sole ulcer and white line disease 
peaked at six and five months in milk respectively (Figure 3.9). Although the 
figures reported by Green et al. (2002) and Tranter and Morris (1991) included 
all lesions causing lameness in both studies, sole ulcer, sole bruising and white 
line disease were the most frequently recorded lesions. One explanation for the 
apparent lag in the onset of white line disease and sole ulcers in our study may be 
poor recognition of lameness by farmers. In the study reported by Green et al. 
(2002) farmers had free treatment for lame cattle and the treatment rate was 70 
cases / 100 cows per year and in the study reported by Tranter and Morris, (1991) 
farmers carried out further treatment and monitoring of lame cows perhaps 
providing a greater incentive to identify and treat lame cow sooner. It has been 
suggested that farmers underestimate the prevalence of lameness on their farms 
(Whay, 2002) and the current study would also indicate that many cows with 
locomotion scores greater than one were not treated promptly. 
A combination of factors related to the start of lactation may explain the higher 
rate of digital dermatitis at the beginning of lactation compared with later in 
lactation. Firstly dietary changes and increased intakes in response to milk 
production result in increased production of slurry by the cows. In the study 
farms the stocking density of the milking cow housing was usually greater than 
that of the dry cow housing which may also result in increased slurry in the 
housing. The increased exposure to slurry represents and increased exposure to 
potential pathogens and therefore increased disease challenge. Although not 
proven, it is hypothesised by Blowey, (2004) that susceptibility to infectious 
diseases such as digital dermatitis is greatest in early lactation due to lowered 
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maternal immunity and, on most farms, reintroduction into a reservoir of 
infection, `the milking herd'. Disinfectant footbathing of the milking cows was 
common on study farms with digital dermatitis. However, disinfectant 
footbathing of dry cows was rare. The main time at which farmers observe cows 
for signs of digital dermatitis is during milking in the parlour. The lack of 
observation and treatment of cows during the dry period coupled with increased 
observation of cows once in milk may offer an alternative explanation for the 
increased rate of digital dermatitis at the beginning of lactation. Disinfectant 
footbathing and other treatments during the lactation may contribute to the 
reduction in the rate of digital dermatitis later in lactation. 
Seasonal variation 
The rate of digital dermatitis was lower when cattle were at pasture. Stocking 
densities and therefore exposure to pathogens were lower at this time. During 
winter housing, slurry collects in passages and yards within the house, providing 
a reservoir for potential pathogens. Slatted floors, which reduce the build up of 
slurry, were associated with reduced risks for digital dermatitis (Somers et al., 
2005). The increased slurry in the environment is reflected in the increased 
cleanliness scores (i. e. dirtier cows) observed at visits during the winter housing 
period. 
A number of authors (Faye and Lescourret, 1989 and Rowlands et al., 1983) have 
reported an increased incidence of lesions causing lameness associated with 
winter housing. In this study the rate of sole ulcer was higher during the winter 
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when cattle were housed. Shorter lying times have been reported for cattle in 
winter housing compared with cows at pasture (Singh et al., 1993a). The same 
authors also reported an association between shorter lying times and increased 
sole ulcer scores in first lactation cows. 
The lack of a clear seasonal pattern observed for white line disease provides 
evidence that the aetiology of the disease differs from that of sole ulcer. 
Hock Damage 
The percentage of cattle with severe hock lesions observed by the researchers 
(Table 3.1) was greater than that recorded by farmers (as a percentage of the total 
number of lesions causing lameness). One explanation for this difference may be 
that most hock lesions do not result in perceptible lameness. However, there was 
a significant positive correlation between mean locomotion score and mean hock 
score. It may be that farmers are failing to detect lameness in cows with hock 
lesions. However it is also possible that cows with hock lesions also have other 
lesions that cause lameness which are recorded as the primary lesion by the 
farmers. 
While no studies have reported a difference in prevalence of hock lesions 
between cows at pasture and housed cows, numerous bedding materials 
commonly used in winter housing systems for cattle have been associated with 
an increased prevalence of hock lesions (Vokey et al., 2001); (Weary and 
Taszkum, 2000); (Wechsler et al., 2000)) and may explain the increased mean 
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hock lesion score (i. e. greater hock damage) observed while cattle were housed. 
Reduced hock lesions during the early winter housing period (Oct-Dec 03) 
suggest that prolonged exposures to damaging lying surfaces is required for hock 
lesions to develop. Also high mean hock scores in the early turnout period (Jan- 
May 03) indicate that a substantial amount of time is required for hock lesions to 
resolve (Figure 3.3). 
The association between hock lesion scores and cow cleanliness may be a 
reflection of cleanliness of the environment. If the housing, in particular the 
lying surface, is soiled and damp, the skin over the tarsus (hock) may be softened 
and prone to damage may be greater. Areas where the bedding has been soiled 
and subsequently dried out may be rough and abrasive and further damage the 
skin over the tarsus. 
Location of lesions 
The majority of sole ulcer, white line disease and digital dermatitis lesions were 
on the hind limbs (79-96%). These figures are in close agreement with those of 
Murray et al., (1996) who reported 92% were situated on the hind limbs when 
considering all types of lesion. Murray et al., (1996) also reported that for those 
lesions occurring in the hind limbs, 65% were in the lateral claw, 14% in the 
medial claw and 20% affected the skin. Although the main lesion types are 
considered separately in this study, the lateral hind claw is the predominant 
location for sole ulcer and white line disease (Murray et al., 1996). Hind limbs 
propel the cow forwards while walking. During most of the phases of the step, 
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forces are greatest in the lateral hind claws, especially during the initial heel 
strike where greater than 95% of the force is exerted (van der Tol et al., 2004). 
This uneven distribution of forces offers an explanation for the greater proportion 
of traumatic lesions such as sole ulcer and white line disease occurring in the 
lateral hind claws. 
Chesterton, (2004) reported an increase in the proportion of white line lesions on 
the front medial claws and a decrease in those on the lateral hind claws in first 
lactation cows compared with adult cows. He suggested this was due to 
differences in the way first lactation and adult cows reacted to potentially 
hazardous situations. Adult cows use their hind limbs to push sideways away 
from the hazard so forcing pressure though the lateral claws. First lactation cows 
will reverse away from the hazard, increasing the pressure through the front 
medial claws. A small increase in medial front claw lesions in first lactation 
cows compared with adult cows was observed in this study, though not to the 
same extent as that in the New Zealand system described by Chesterton, (2004). 
It is possible therefore that the differences between management of housing and 
grazing in these two countries may explain the disparity in the results. 
Digital dermatitis lesions were also predominant on the hind limbs of cattle in 
this study. The infectious nature of digital dermatitis dictates that for there to be 
a greater number of lesions on the hind limbs than front limbs exposure to the 
pathogen in the slurry must have been greater for the hind limbs. It is possible 
that the behaviour of housed cows in standing with their front feet in a cubicle 
and their hind feet in the passage may increase exposure to pathogens in the 
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slurry. The positioning of cows around a feed barrier or trough when eating 
forces cows to reverse away from the feed barrier with their hind feet walking 
through any slurry which may have built up behind them. However, it is also 
possible the lower prevalence of digital dermatitis in front feet is due to farmers 
failing to inspect front feet. Farmers are often reluctant to lift from limbs as they 
are more awkward to trim. Farmers also tend to inspect cows in the milking 
parlour they are more likely to notice, and possibly treat, digital dermatitis 
lesions in the hind feet of cows due to the position of the cows in the parlour. 
The ease of treatment for all lesion types must be considered. Trimming front 
claws is generally considered to be more difficult than trimming hind claws, 
especially where the equipment used to restrain cows is not designed for the 
trimming of claws. As such it is possible that the percentage of front claw 
lesions in this and other studies may be an underestimate of the true value. 
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Conclusions 
Sole ulcer, white line disease and digital dermatitis were the most frequently 
reported lesions. The incidence of sole ulcer and digital dermatitis and the 
prevalence of lameness (poor locomotion) were lower in the summer months 
than winter. The prevalence of hock lesions was lower in late summer and early 
autumn suggesting prolonged exposures to damaging lying surfaces are required. 
Incidence of sole ulcer and white line disease peaked at five months after 
calving. Poor detection of lame cows by farmers may explain why this is later 
than previous estimates. Further investigation into the effect of lesions on the 
locomotion of affected individuals is required. These data may also provide 
information on the time between identification of poor locomotion by researchers 
and treatment by the farmer. 
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Chapter 4 
Risk factors for poor locomotion in dairy cattle 
Introduction 
In recent years a number of risk factors for lameness have been reported. These 
include poor cubicle design (Fault et at., 1996), poor bedding quality or 
insufficient bedding (Wechsler et at., 2000; Tucker et at., 2003), floor surface 
(Faull et al., 1996; Somers et al., 2005), increased standing times (Singh et al., 
1993a) and high starch, low fibre diets (Livesey, 1984; Livesey et al., 1998; 
Collis et al., 2004). 
Many of the studies have used the presence of claw lesions rather than lameness 
to indicate areas of poor management. Claw lesions do not always cause 
lameness (Manske et al., 2002a) and there is considerably less information 
available on the risks associated with lameness compared with the risks 
associated with claw lesions. A number of locomotion scoring techniques have 
been successfully employed in studies to estimate the impact of lameness on 
dairy farms. This chapter investigates the relationship between on farm risk 
factors and poor locomotion using multivariable modelling. 
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Materials and methods 
Data collection 
The locomotion of all cattle present on each farm at four visits, between February 
2003 and March 2004, was assessed. During these visits, data on potential risk 
factors were collected using a farmer interview and direct observations and 
measurements by researchers. The details of the locomotion scoring method, 
farmer interviews and observations are described fully in Chapter 2. 
Linear modelling 
Outcome variable: mean farm locomotion score 
For each farm, the sum of all locomotion scores from all four visits (Figure 4.1 a) 
was divided by the total number of locomotion score recordings taken to estimate 
the mean farm locomotion score, this was normally distributed (Figure 4.1b) and 
was used as the outcome variable. 
Figure 4.1a Mean of the proportion of cows within farm with locomotion scores 
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Dependent variables 
Descriptive statistics were calculated and unusual outcomes were checked. Data 
entry errors and missing values were amended using the paper records or by a 
follow up call to the farmer. 
Bedding cleanliness, bedding depth and faecal score were measured for milking 
and dry cow groups at all visits. Mean bedding depth, bedding cleanliness and 
faecal consistency scores were calculated for both milking and dry cows using 
measurements taken at visits 3 and 4, when all cows had been in housing and fed 
winter rations. 
Continuous variables were checked for linearity with the outcome variable and 
non-linear variables were categorised. Categorical variables with less than 5 
observations in the area of interest were excluded from the analysis. 
Screening variables 
All suitable variables were tested, one at a time, in a univariable linear regression 
model with mean farm locomotion score as the outcome variable. All variables 
where p<0.2 were tested using backwards elimination in sub-models of the 
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Mean farm locomotion score 
winter housing environment, lactating cow nutrition, dry cow management, 
heifer management, herd health and parlour management, cubicle dimensions 
and damage, and summer pastures and tracks. 
Multivariable general linear model 
Variables with p<0.2 in the sub models were tested in a final general linear 
model developed as described above, with the five herds housed on straw yards 
excluded. One farm with only cows of the Ayrshire breed had an exceptionally 
low mean farm locomotion scores which masked the risks associated with a 
number of variables. It was also excluded from the final model. All non- 
significant variables were re-entered into the final model one by one, to 
investigate residual confounding and any variable significant at p<0.05 was left 
in the model. Finally, mean herd size and average annual milk yield were added 
to the model to check for any confounding effects. Model fit was assessed. 
Pearson correlation coefficients between explanatory variables were estimated. 
All statistical analyses were carried out using SPlus Professional Edition 
(Version 6.2), Insightful Corp 2003. 
Results 
There was no significant difference (p=0.27) between mean locomotion score in 
herds kept on straw yards (1.72, s. e. m. =0.02) compared with those housed in 
cubicles (1.78, s. e. m. =0.02) in this study. The crude locomotion scores by farm 
management and housing type are listed in Table 4.1. 
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Table 4.1 Number and percentage exposure, and difference in mean locomotion 
score for management and housing variables for 49 farms in England and Wales. 
Exposures Number Mean P 
(%) locomotion 
score +_SE 
Herd type Conventional 45 (92) 1.78+0.02 
Organic 4(8) 1.64 ±0.01 0.02 
Herd size 1 Intercept = 1.67 
(Per 100 
cows) 
Nutrition Milking cows not fed maize silage 32 (65) 
Milking cows fed maize silage 17 (35) 
Concentrate not fed in parlor 9 (28) 
Concentrate fed in parlor 40 (72) 
Trimming No routine trimming 13 (27) 
Some cows trimmed by stockman 7 (14) 
All cows trimmed by stockman 20 (41) 
All cows trimmed by hoof trimmer 9 (18) 
Foot No footbath used 18 (37) 
bathing 
*0.09 ± 0.02 <0.01 
1.73 ± 0.02 
1.84 ±0.01 <0.01 
1.83 +0.02 
1.76 ±0.02 0.07 
1.71 ±0.01 
1.73+0.02 0.02 0.67 
1.80 +0.02 0.01 
1.84 ± 0.02 0.02 
1.77 ± 0.02 
Regular foot bathing 31(63) 1.77+0.02 0.91 
Housing Free stalls 44 (90) 1.78 ±0.02 
Straw yard 5(10) 1.72 ±0.02 0.28 
Free stall housing only (n = 44) 
Free stall Straw on bare concrete 14 (32) 1.77 ± 0.02 
floor 
Straw on rubber mat 6(14) 1.76 ±0.02 0.51 
Straw on earth bed 2 (5) 1.83 ±0.01 0.27 
Sawdust on bare concrete 3 (7) 1.77 ±0.02 0.52 
Sawdust on rubber mat 11(25) 1.86 ±0.02 <0.01 
Sawdust on cow mattress 2 (5) 1.81 ± 0.01 0.32 
Paper pulp 2(5) 1.71 ±0.01 0.88 
Sand 3(7) 1.69+0.01 0.55 
Other (mixed bedding types) 1 (2) 1.93 (1 farm) 0.06 
Scraping Automatic scrapers 
method 
8 (18) 1.88 ±0.02 
Tractor scraper 34 (77) 1.75 ±0.02 <0.01 
Slatted floors (no scraping) 2 (5) 1.76+0.02 0.15 
All variables are categorical except' which denoted variable is continuous * Represent the increase in mean locomotion score associated with every 
increase in herd size of 100 cows 
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Multivariable linear regression analysis 
The results of the sub-models are summarised in Table 4.2. In the winter 
housing management sub-model the use of tractor scrapers was associated with a 
decrease in mean locomotion score of 0.09. In the same sub-model bedding up 
with sawdust on top of rubber mats was associated with an increase in mean 
locomotion score of 0.10. Membership of a farm assurance scheme was included 
in the sub-models as an indicator of farmer attitude to animal health and welfare. 
There was an increase in mean locomotion score on farms where the farmer 
indicated there was membership to a farm assurance scheme. 
The five farms with straw yard housing were excluded from the multivariable 
model to allow inclusion of variables related to cubicle housing. Seven variables 
were significantly associated with raised mean locomotion score in the final 
general linear model (Table 4.3a). These were housing cows on straw yards 
compared with cubicles when dry, housing pregnant heifers with milking cows in 
winter compared with housing them with dry cows, passageway widths <3m 
compared with >3m, kerb height of <15cm compared with >15cm, routine 
trimming of claws of all cows by a claw trimmer or by the farmer compared with 
no routine trimming, feeding maize silage to milking cows, and the use of 
automatic scrapers compared with tractor scrapers in the cubicle house. The 
model explains the variation associated with both mean herd size and average 
annual milk yield (Table 4.3b). The fit of the model was good as indicated by 
the close distribution of the residuals about the model prediction (Figure 4.2). 
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Table 4.2 Summary of 7 sub-models of mean locomotion score for 50 farms 
(excepts 45 farms with cubicle housed milkine cows) 
Risk Factor n Coeff. SE P-value Lower 
CI 
Upper 
CI 
Winter housing management 
(Intercept) 1.81 0.05 <0.01 1.72 1.91 
Automatic scrapers 8 
Tractor scrapers 35 -0.09 0.05 0.08 -0.19 0.01 
Slatted floor (no scraping) 2 -0.16 0.09 0.10 -0.34 0.02 Straw yards (tractor scraped) 5 -0.10 0.07 0.19 -0.24 0.05 
No sawdust on mats 37 
Mats bedded with sawdust 13 0.10 0.04 <0.05 0.02 0.19 
Lactating cow nutrition 
(Intercept) 1.79 0.05 <0.01 1.70 1.89 
No maize silage fed 32 
Maize silage fed 18 0.06 0.04 0.13 -0.02 0.14 
No concentrate fed in parlour 41 
Concentrate fed in parlour 9 -0.06 0.05 0.19 -0.16 0.03 
Dry cow management 
(Intercept) 1.68 0.03 <0.01 1.62 1.74 
No routing trimming 14 
Farmer trims some cows 7 0.05 0.05 0.38 -0.06 0.16 
Claw trimmer trims all cows 9 0.16 0.05 <0.01 0.06 0.26 
Farmer trims all cows 20 0.12 0.04 <0.05 0.04 0.20 
Heifer management 
(Intercept) 1.76 0.03 <0.01 1.70 1.83 
Pregnant heifers housed with dry 
cows 33 
Pregnant heifer housed with 
milking cows 15 -0.08 0.04 0.05 -0.16 0.00 
Pregnant heifers only 2 -0.12 0.09 0.18 -0.30 0.06 No concentrate fed to heifers 16 
Heifer fed up to 2kg concentrate 27 0.03 0.04 0.40 -0.04 0.11 Heifers fed >2kg concentrate 7 0.08 0.06 0.17 -0.03 0.19 
Herd health and parlour 
management 
(Intercept) 1.71 0.04 0.00 0.04 0.04 
Not member of farm assurance 
scheme 12 
Member of a farm assurance 
scheme 38 0.07 0.04 0.11 -0.18 0.27 
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Table 4.2continued Summary of 7 sub-models of mean locomotion score for 50 
farms (excent§ 45 farms with cubicle housed millcine cows) 
Risk Factor n Coeff. SE P-value Lower 
CI 
Upper 
CI 
Cubicle dimensions and damag 
(Intercept) 1.65 0.05 <0.01 1.56 1.74 
No neck rail 7 
Neck rail 0-45cm from cubicle 
front 13 0.09 0.06 0.13 -0.02 0.20 
Neck rail >45cm from cubicle 
front 25 0.16 0.05 <0.01 0.06 0.26 
Summer pastures and tracks 
(Intercept) 1.74 0.02 <0.01 1.69 1.78 
No electric fences 24 
Electric fences used 25 0.06 0.03 0.05 0.00 0.13 
Table 4.3a Overall multivariable linear regression model of mean farm 
locomotion score for 44 cubicle housed dairy herds 
Risk Factor n Coeff. SE P -value Lower Upper 
CI CI 
(Intercept) 1.65 0.04 <0.01 1.57 1.74 
Cows in cubicles when dry and in 33 
milk 
Cow in straw yards when dry 
Unknown 
Max passage width 3m or more 
Max passage width less than 3m 
Automatic Scrapers 
Slatted floor (no scraping) 
Tractor scrapers 
Pregnant heifers housed with dry 
cows 
Pregnant heifers housed with 
milkers 
Pregnant heifers only 
No routine trimming 
Farmer trims some cows 
Claw trimmer trims all cows 
Farmer trims all cows 
Maize silage not fed 
Maize silage fed 
9 0.06 0.03 0.04 0.01 0.12 
2 -0.01 0.08 0.90 -0.17 0.15 
24 
20 0.06 0.02 0.02 0.01 0.12 
8 
2 -0.02 0.06 0.72 -0.14 0.09 
34 -0.10 0.03 <0.01 -0.16 -0.04 
31 
12 
0.09 0.03 <0.01 0.03 0.15 
1 -0.14 0.12 0.25 -0.37 0.09 
11 
7 0.03 0.04 0.51 -0.05 0.11 
9 0.18 0.04 <0.01 0.11 0.25 
17 0.13 0.03 <0.01 0.06 0.19 
29 
15 0.10 0.03 <0.01 0.04 0.15 
Kerb Height over 15cm 31 
Kerb height 15cm or less 13 0.07 0.03 0.03 0.01 0.12 
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Table 4.3b Overall multivariable linear regression model of mean farm 
locomotion score for 44 cubicle housed dairy herds with the inclusion of mean 
herd size and milk yield to investigate confounding effects 
Risk Factor n CoefF. SE P-value Lower 
CI 
Upper 
CI 
(Intercept) 1.49 0.10 0.00 1.30 1.67 
Mean herd size (per 100 cows) 0.02 0.01 0.18 -0.01 0.04 
Milk yield (per 1000 litres) 0.03 0.02 0.12 -0.01 0.08 
Cows in cubicles when dry and in 33 
milk 
Cow in straw yards when dry 9 0.07 0.03 0.03 0.01 0.12 
Unknown 2 -0.03 0.08 0.69 -0.19 0.13 
Max passage width 3m or more 24 
Max passage width less than 3m 20 0.06 0.02 0.01 0.02 0.10 
Automatic Scrapers 8 
Slatted floor (no scraping) 2 -0.04 0.06 0.57 -0.16 0.09 
Tractor scrapers 34 -0.07 0.03 0.04 -0.14 -0.01 
Pregnant heifers housed with dry 31 
cows 
Pregnant heifers housed with 12 
milkers 0.10 0.03 0.00 0.04 0.16 
Pregnant heifers only 1 -0.11 0.12 0.36 -0.34 0.12 
No routine trimming 11 
Farmer trims some cows 7 0.00 0.05 0.99 -0.10 0.09 
Claw trimmer trims all cows 9 0.15 0.04 0.00 0.07 0.22 
Farmer trims all cows 17 0.11 0.04 0.01 0.03 0.18 
Maize silage not fed 29 
Maize silage fed 15 0.07 0.03 0.03 0.01 0.12 
Kerb Height over 15cm 31 
Kerb height 15cm or less 13 0.06 0.03 0.04 0.00 0.11 
The use of sawdust on top of mats or mattresses was positively correlated with 
automatic scrapers (r=0.34, p<0.05) and negatively correlated (r=-0.48, p<0.01) 
with tractor scraping (Table 4.4). While both the use of automatic scrapers and 
sawdust on mats were associated with raised mean locomotion in the model, the 
high degree of correlation between the two variables prevented them from 
remaining in the final model together. The method of scraping was also 
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correlated with the presence of a brisket board (tractor scraper r=-0.41, p<0.01; 
automatic scrapers r=0.45, p<0.01), the distance of the neck rail from the front of 
the cubicle (tractor scraper r=-0.43, p<0.01; automatic scrapers r=0.35, p<0.05) 
and the number of cows per regular milker (tractor scraper r=-0.40, p<0.01; 
automatic scrapers r=0.39, p<0.01). The feeding of maize silage was negatively 
correlated with the feeding of concentrate in the parlour (r=-0.28, p<0.05) and 
with not feeding a transition ration (r=-0.37, p<0.01). However, it was positively 
correlated with number of cows per regular milker on the farm (r=0.50, p<0.01) 
and sawdust on mats (r--0.27, p<0.05). Routine claw trimming of all cows by the 
farmer was positively correlated with sawdust on mats whereas routine claw 
trimming of some cows by the farmer was negatively correlated with sawdust on 
mats (Table 4.4). The farmer claw trimming some or all cows routinely was 
positively correlated with milk yield. Routine trimming of cows' claws by a 
professional claw trimmer was not correlated with milk yield but was positively 
correlated with herd size. Using automatic scrapers and feeding maize silage 
were also positively correlated with herd size. 
Figure 4.2 Plot of residuals versus fit 
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Table 4.4 Summary of variables included in multivariable analysis which 
correlated with variables in final model 
Model Correlated variables Correlated variables 
variables positive negative 
(R> 0.27, P< 0.05) (R< -0.27, P< 0.05) 
Maize Silage Number of cows per milker Concentrate feed in parlour 
Sawdust on mats No transition ration 
Herd size 
Yield 
Tractor scraping Concentrate fed in parlour 
Automatic Feed space per cow 
scrapers Distance of neck rail from front of cubicle 
Presence of brisket board 
Fed a transition ration 
Calve in calving pen 
Number of cows per milker 
Sawdust on mats 
Herd size 
Passage width Yield 
Kerb height 
No routine Ration fed at flat rate 
trimming No transition ration 
Routine trimming Herd size 
all cows by hoof 
trimmer 
Routine trimming Sawdust on mats 
all cows by farmer Yield 
Routine trimming Feed space per cow 
some cows by Yield 
farmer 
Milking herd in groups 
Distance of neck rail from front of cubicle 
Presence of brisket board 
Fed a transition ration 
Calve in calving pen 
Number of cows per milker 
Sawdust on mats 
Herd size 
Concentrate fed in parlour 
Distance of neck rail from front of cubicle 
Yield 
No transition ration 
Sawdust on mats 
Heifers with Feed space per cow 
milkers before 
calving 
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Discussion 
Locomotion scoring is a valuable tool in assessing overall lameness and our main 
aim on dairy farms is to have cattle with normal locomotion. Whilst locomotion 
scoring does not provide specific information on the diseases causing lameness it 
allows rapid and effective scoring of large numbers of cattle. Analysis of the 
risks for poor locomotion (in this analysis by raised mean locomotion score) may 
assist in providing hypotheses for improved locomotion whatever the aetiology 
of specific lesions. Inevitably in large observational studies there will be 
misclassification of scores, which may reduce the precision of the model 
estimates, but we aimed to minimise this by scoring herds on four occasions with 
the three score definitions of locomotion. By using mean locomotion score 
information on the time of year is lost. Also the associations between different 
locomotion scores of the same animal are not considered. However, the 
distribution of crude and mean locomotion scores (Figures 4.1a and 4.1b) and the 
model fit (Figure 4.2) indicate that the use of a continuous outcome model was 
statistically robust. 
The farmer interview and direct observations were comprehensive and designed 
to collect data on all aspects of the dairy cow environment and management 
especially where a previous association had been reported. The final model 
therefore takes into account the complex relationships between the large numbers 
of `on farm' factors described by the data collected. It is possible that one or 
more of the variables in the model are not directly related to mean locomotion, 
but that they are correlates for another risk factor not measured. Factors 
correlated with those in the main model may also provide valuable information 
about how factors causing lameness relate to each other. Knowledge of these 
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relationships can help the understanding of common behaviours that are changed 
with exposure to one or more of the variables, thus providing a base for 
intervention studies. As with all studies of this type, the results produced are 
useful for hypothesis generation. The direct associations between risk factors 
and locomotion score from the final model (Table 4.3) and the correlated risks 
(Table 4.4) are discussed below 
One variable associated with poorer locomotion in the analysis was the use of 
automatic scrapers compared with tractor scraping. Whilst automatic scrapers 
can improve hygiene in the cubicle house by increasing scraping frequency, the 
movement of scrapers through the cubicle house forces cows to make 
unnecessary rushed steps in order to move out of its path. Stefanowska et al., 
(2001) reported that 94% of stumble incidents observed in two different housing 
systems with automatic scrapers occurred as a result of contact with the scrapers. 
Automatic scrapers may cause further disruption during feeding times as cows, in 
particular those with low social rankings, may be displaced from their position at 
the feed barrier. The increase in mean locomotion score associated with 
automatic scrapers may therefore be explained by the increased disruption to the 
cows whilst the scrapers move in the house (tractor scraping is generally carried 
out at milking time while the cows are out of the cubicle house). 
However, automatic scrapers were highly correlated with cubicle design and with 
sawdust on mats. Such lying surfaces have previously been associated with lower 
lying times (Tucker et al., 2003) and decreased lying times have been associated 
with a greater prevalence of claw lesions and tarsal damage (Wecshler et al., 
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2000) Cattle prefer deep bedding such as 7.5cm sawdust or deep sand (Tucker et 
at., 2003; Tucker et al., 2004). It is not possible from the current study to 
ascertain whether the automatic scrapers or the associated cubicle bedding type 
were the true association with poor locomotion. Further investigation of the 
method of scraping and cow lying behaviour in these systems is required to 
determine the relative importance of these. 
Automatic scrapers were also associated with the presence of a brisket board and 
the distance of the neck rail from the front of the cubicle. The presence of brisket 
boards and the position of the neck rail can help prevent animals lying or 
standing too far forwards in the cubicle and so encourage dunging into the 
passageway in the path of the automatic scrapers. However, the position can be 
inappropriate and reduce cubicle comfort and increase standing time and 
therefore reduce lying times. The brisket boards may be positioned to hold down 
cow mats (on which the predominant bedding type is sawdust) and so not be in 
the best position for the cow. 
Kerb heights of 15cm or less were also associated with increased mean 
locomotion scores. In contrast to this, Faull et al. (1996), reported that kerb 
heights >16cm were associated with increased lameness. In the current study 
low kerb heights were correlated with the positioning of neck rails greater 
distances from the front (head end) of the cubicle. Kerb height may therefore be 
a marker for other aspects of cubicle design. 
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The final variable associated with housing design was that herds housed in 
cubicles where the passage way widths were >3m compared with <3m had a 
decreased mean locomotion score. The wider passages allow a good flow of 
cattle around the house and so assist cow flow and the integration of new herd 
members; they also provide a larger floor area and so reduce the accumulation of 
slurry which might reduce the risk of digital dermatitis. 
Housing cows on straw yards in the dry period and cubicle housing when in milk 
was associated with an increased mean locomotion score compared with cattle 
that were housed in cubicles all the time. This may occur because the different 
floor surfaces alter claw horn growth (Vermunt and Greenough, 1996). Soft 
floor surfaces and reduced exposure to concrete both slow horn growth and wear 
and alters claw conformation. Vermunt and Greenough (1996) reported an 
increased toe length in heifers housed in an outdoor dry lot with a straw bedded 
lying area due to a reduced rate of wear compared with those housed in a cubicle 
house with slatted floors. Increased toe length increases weight bearing at the 
sole and heel. The rate of wear is increased when cows return to the hard 
abrasive concrete walking surfaces within the cubicle housing from the straw 
yard accommodation. It is possible that the increased rate of horn growth 
required to equal the increase in horn wear does not occur immediately and may 
result in thinning of the sole at the site of sole ulcer, and possibly lesion 
development. The move into cubicle housing and start of lactation management 
will decrease lying times (Singh et al., 1993a) causing further wear of the distal 
horn. 
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Housing pregnant heifers with milking cows during the winter compared with 
being housed with dry cows was associated in this study with a small increase in 
mean locomotion score. A possible explanation for this is that pregnant heifers 
are likely to remain at the bottom of the social hierarchy. Therefore evasive 
turning and backing away manoeuvres by pregnant heifers may continue 
throughout the housing period. These turning and avoiding actions may 
predispose them to white line disease (Chesterton, 2004) and longer standing 
times competing for food and space may predispose them to sole ulcer. Any 
stability in the social hierarchy brought about by introducing the pregnant heifers 
prior to calving will be disrupted when they are removed to the calving pen and 
then returned to the herd after calving (Kondo and Hurnick, 1990). 
The routine claw trimming of all cows, either by a professional claw trimmer or 
by the farmer, was associated with an increased mean herd locomotion score 
compared with those herds where no routine trimming took place. It is likely 
that the decision to routinely trim all cows was initially a response to an existing 
lameness problem. However, all herds where all cows were routinely claw 
trimmed had been doing so for over two years, suggesting that routine trimming 
of all cows once per year might not be an effective method of controlling the 
prevalence of lameness. This may be because cows were left lame until the next 
visit of the professional trimmer or because of poor hygiene of claw trimming 
equipment (Wells et al., 1999). Since the routine trimming of some cows by the 
farmer was not a risk for increased locomotion score (Table 4.3), trimming only 
lame cows or cows with overgrown claws promptly may be a more effective 
trimming strategy to reduce prevalence of lameness. The routine foot trimming 
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of sheep more than a year was associated with an increase in ovine footrot 
(Wassink et at., 2003). 
The feeding of maize silage was associated with an increase in the mean 
locomotion score in the current study. Feeding maize silage has been associated 
with rumen acidosis and disruption of horn production due to inflammation 
within the claw (Mulling et al., 1999), and herds feeding maize silage will tend to 
be higher yielding, further increasing the risk of lameness. A study by Faye and 
Lescourret (1989) demonstrated that the presence of laminitis was associated 
with longer periods of maize silage feeding. Feeding maize silage was negatively 
correlated with feeding concentrate in the parlour and not feeding a transition 
ration. Farms feeding maize silage tend to do so as part of a total mixed ration 
(TMR) thus reducing the need for feeding concentrates in the parlour. The 
formulation and mixing of a separate transition diet is more likely where a TMR 
is used. 
Previous studies have suggested that herd size and yield are related to lameness 
(Alban, 1995). These variables are not in themselves useful (no farmer will 
reduce herd size or yield) but they may be correlates for different farm 
management. Large herd size was associated with feeding maize silage, 
automatic scraping in the cubicle house, sawdust and mat bedding and using a 
professional claw trimmer. High yields were associated with using a 
professional hoof trimmer. These factors rather than yield or herd size may be 
changed to test whether they are causally related to poor locomotion. 
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All factors discussed above may be usefully investigated elsewhere and, where 
evidence is mounting, in intervention studies to test the impact of altering 
management policies to assist in lameness reduction. 
Conclusions 
Poor locomotion was associated with passageways <3m, automatic scrapers, low 
kerb heights, sawdust on mats, feeding maize silage, housing dry cows in straw 
yards, mixing pregnant heifers with milkers and routinely trimming all cows' 
claws. This provides valuable information on which to base intervention studies. 
91 
Chapter 5 
Risk factors for increased rates of sole ulcer, white 
line disease and digital dermatitis 
Introduction 
Sole ulcer, white line disease and digital dermatitis are three of the most 
frequently reported causes of lameness in the UK (Clarkson et al., 1996; Green et 
at., 2002). These lesions are painful and in the case of sole ulcer and white line 
disease cows suffer chronic pain for more than 28 days after treatment (Whay et 
al., 1998). In addition to impaired welfare, lameness also results in economic 
loss to the farmer (Esslemont and Kossaibati, 2002). An individual lame cow 
may fail to produce around 400kg of milk in a single lactation (Green et al., 
2002). 
Although evidence for risks associated with lameness continue to mount there is 
a paucity of information regarding the risks for specific lesions causing lameness. 
An increased incidence of sole ulcer was associated with increased standing 
times (Singh et al., 1993a) and feeding maize silage (Faye and Lescourret, 1989). 
An increase in the incidence of digital dermatitis was associated with restricted 
or zero grazing while there was an associated decrease when cow were housed 
on slatted floors with scrapers compared with solid floor (Somers et al., 2005). 
Having an external claw trimmer and failing to wash claw trimming equipment 
between cows were also associated with increased incidence of digital dermatitis 
(Wells et al., 1999). Further investigations of the risk factors of individual 
lesions causing lameness are required. 
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Materials and methods 
Data collection 
Monthly milk data 
Permission was requested and granted from 29 farms taking part in the study to 
download electronic data on individual cows from National Milk Records 
(NMR). These data included breed, calving dates, parity number, monthly milk 
yield and milk quality data for current and previous lactations. 
Lesion data 
Claw lesions were recorded by the farmers on standard recording forms which 
were returned by post at regular intervals. 
Risk factor data 
Data on potential risk factors were collected via a farmer interview and direct 
observations and measurements made on the farm by the researchers. The details 
of the interview and direct observations are described in Chapter 2. 
Data management and analysis 
Data handling 
Records of claw lesions, management groups (i. e. in milk, high yield, low yield 
or dry) and monthly milk recordings for individual cows were stored in a number 
of relational databases. The individual cow records within these databases were 
matched on cow identification number or name and NMR line number. A unique 
identification number was then generated for every cow. 
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A data table was generated with farm identification, cow identification, parity, 
month from calving (MC) and monthly milk yield. Treatments for sole ulcer, 
white line disease and digital dermatitis lesions were linked to each MC. A 
lesion occurrence was defined as the first lesion of that type per claw in a given 
parity. For each MC for each cow a milking status was recorded i. e. in milk or 
dry. On two farms milking status was recorded as high yield, low yield and dry. 
This was because high and low yielding cows on one farm were housed on very 
different bedding typed i. e. deep sand or sparse sawdust on mats. On the second 
farm high yielding cows were never at pasture 24 hours a day. For these farms 
cows were allocated to high or low yield groups based on the approximate stage 
of lactation at which the cows were split on the farm as stated by the farmer. For 
each MC for each cow a housing status was recorded using the housing and 
turnout dates for the relevant management group. Cows were categorised as 
housed (housed 24 hours a day), intermediate (housed at night but at pasture by 
day) or pasture (at pasture 24 hours a day). Accurate drying off dates were not 
available, so for the purposes of these analyses it was assumed that a cow was 
dry 2 weeks after the date of the last milk recording. 
A data table containing the housing type, bedding type and floor surfaces for 
loafing and walking for each milking status (dry or milk) and housing status 
(housed, intermediate or pasture) on each farm was created. These two data 
tables were merged using the milking status and housing status of each cow for 
each MC. The final data table also included farm level variables collected in the 
farmer interview and direct observations. 
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Multi-level modelling 
The model was constructed using 37401 monthly milk records from 3154 cows 
on 28 farms. The presence or absence of sole ulcer, white line disease or digital 
dermatitis in a given MC was used as the binary outcome variable in 3 multi- 
level models, the comparison group was cattle with no foot lesion. Each was a 
binomial logistic regressions model with, MC nested within cows and cows 
nested within farms. 
For each lesion (outcome variable) all variables were screened in univariable 
models. Variables with p<0.2 were taken forward for multivariable analysis. 
Variables remained in the final model after a process of backwards elimination 
when p<0.05. To control for parity and MC these variables were included in all 
multivariable models. When a variable had significant association with one 
lesion type it was added to all the models so that there were comparable models 
for sole ulcer, white line disease and digital dermatitis. All non significant 
variables were re-entered into the final models one by one, to investigate residual 
confounding and any variable significant at p<0.05 left in the model. The 
Hosmer-Lemeshow goodness of fit test was used to assess model fit (Dohoo et 
al., 2003, p. 360-361). All statistical analyses were carried out using MLwiN 
version 2.01. 
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The model took the form: 
YiJk = ß0 ... PXk + ßXjk PXijk Ui + Vjk + eIjk 
Where 00 is the intercept, 0= coefficients for the vector of X variables varying at 
Revels k, jk and ijk and Vk = residual error between farms, ujk = residual error 
between cows and eijk = residual error between months. 
Results 
Summary data 
Of the 50 farms with complete lesion and risk factor data, NMR records were 
available for 29 farms (3229 cows, 38401 records). Holstein and Holstein 
Friesian cows represented 98.8% of the breeds of cow on the farms. The number 
of cows from other breeds was too small for the effect of breed to be analysed. 
Therefore all 57 cows (777 records) from one herd of Ayrshire's were excluded. 
A further 18 cows (223 records) which were of breeds other than Holstein 
Friesian were also excluded from the data set. The number and percentage of 
cows with sole ulcer, white line disease and digital dermatitis lesions associated 
with potential risk factors tested in these analyses are summarised in Table 5.1. 
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Table 5.1 Number and percentage of sole ulcer, white line disease and digital 
dermatitis lesions treated for different cow and farm characteristics 
Number (and percent) cases treated 
Sole ulcer White line Digital 
disease dermatitis 
Herd Size 
Parity Number 
Month from calving 
Milking status total 
Housing status 
: 579 22 (0.39) 23 (0.41) 3 (0.05) 
80-159 58 (0.36) 47 (0.29) 77 (0.48) 
>160 81 (0.63) 60 (0.46) 75 (0.58) 
1 32 (0.33) 15 (0.15) 47 (0.48) 
2 36 (0.42) 23 (0.27) 38 (0.44) 
3 20 (0.32) 22 (0.35) 18 (0.29) 
4 24 (0.54) 30 (0.67) 18 (0.40) 
5 20 (0.69) 18 (0.62) 14 (0.48) 
6 12 (0.65) 11 (0.60) 14 (0.76) 
>7 17 (0.76) 11(0.49) 6(0.27) 
1 10 (0.33) 7 (0.23) 15 (0.49) 
2 16 (0.50) 11 (0.34) 13 (0.40) 
3 10 (0.31) 18 (0.56) 9(0.28) 
4 20 (0.63) 16 (0.51) 14 (0.44) 
5 19 (0.61) 13 (0.42) 17 (0.54) 
6 17 (0.57) 12 (0.40) 14 (0.47) 
27 69 (0.40) 53 (0.31) 73 (0.42) 
Milking 155 (0.52) 125 (0.42) 
Dry 6 (0.10) 5(0.08) 
Housed 99 (0.49) 71(0.35) 
Intermediate 18 (0.51) 15 (0.43) 
Pasture 44 (0.35) 44(0.35) 
148 (0.49) 
7 (0.12) 
110 (0.55) 
8 (0.23) 
37 (0.29) 
Track surface 
No track (direct to field) 13 (0.37) 8 (0.23) 3 (0.08) 
Concrete tracks/ roadways 28 (0.54) 30 (0.58) 28 (0.54) 
Rough stone/ dirt tracks 21 (0.34) 26 (0.42) 11(0.18) 
Floor surface 
Grooved concrete 32 (0.70) 30 (0.66) 81(1.78) 
Slatted concrete 3 (0.20) 5 (0.33) 1 (0.07) 
Non-grooved solid concrete 64 (0.50) 36 (0.28) 24 (0.19) 
Bedding type 
Deep bedding 4 (0.09) 20 (0.44) 4 (0.09) 
Sparse bedding 113 (0.63) 66 (0.37) 114 (0.64) 
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Multi-level models 
One farm with an extremely high reported incidence of digital dermatitis (80 
cows, 969 records) was removed from all models as it distorted the model of 
digital dermatitis. The fit of the 3 models are summarised in Figures 5.1-3. 
There was good agreement between the expected and observed values for the 
sole ulcer and white line disease models. The digital dermatitis model over 
estimated the number of digital dermatitis cases in the highest category. This 
digital dermatitis data does not fit the model well therefore care should be taken 
in interpreting the results. 
Figure 5.1 Model fit for multi-level model of risk factors for sole ulcer 
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Figure 5.2 Model fit for multi-level model of risk factors for white line disease 
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Figure 5.3 Model fit for multi-level model of risk factors for digital dermatitis 
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Sole ulcers 
Cows in parity 4 or more had a greater risk of sole ulcer than first parity cows. A 
lack of cow tracks (i. e. direct access to the field from the farm yard) was 
associated with an increased risk of sole ulcer compared with other track types. 
Grooved concrete in the housing and yards compared with non-grooved concrete 
and housing on sparse bedding for four or more months compared with not being 
housed on sparse bedding were also associated with an increased risk of sole 
ulcer (Table 5.2). 
White line disease 
The risk of white line disease increased with increasing parity and grooved 
concrete in housing and yards compared with non-grooved concrete (Table 5.2 ). 
Digital dermatitis 
The associated risk of digital dermatitis decreased in cattle of parity seven and 
higher and increased with grooved concrete in housing and yards compared with 
non-grooved concrete (Table 5.2). 
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Discussion 
The modelling method employed allows the effects of both individual cow and 
herd level risks to be compared for three frequently reported claw lesions; sole 
ulcer, white line disease and digital dermatitis. The risk factors associated with 
each of these lesions are discussed. The implications of these finding on our 
understanding of the aetiology of the lesions and potential interventions are 
discussed. 
Bedding quantity 
The use of sparse bedding was associated with an increased risk of sole ulcer. 
Low bedding usage has previously been associated with poorer scores of 
locomotion (chapter 4) and increased sole ulcer (Leonard et at., 1994). A likely 
reason for this is the lack of comfort to the cow afforded by such bedding. 
Preference tests have demonstrated that cows choose deeply bedded cubicles 
over minimal bedding on top of mattresses (Tucker et al., 2003). Cows lie down 
for longer on more comfortable bedding surfaces (Singh et al., 1993b). Increased 
sole lesion scores and locomotion scores were associated with increased time 
spent standing (Singh et al., 1993a). The results of this study also suggest that 
the length of time that cows are exposed to sparse bedding is important. The 
effect of sparse bedding on the risk of sole ulcer was only detected in cows 
housed on sparse bedding for four months or more. In a study by Webster (2002) 
the number and severity of sole ulcer lesions was greater in ls` parity cows 
housed in cubicles for four months than those on cubicles for one month when 
measured at 12 weeks post calving. 
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Floor surfaces in houses and yards 
The risk of sole ulcer and white line disease was more than doubled when cows 
were exposed to grooved concrete in the housing or yards. Hinterhofer et al. 
(2006) reported that the mechanical stresses within the claw were increased 
where the abaxial wall of the claw was unsupported on at slatted floor surface. It 
is possible that the grooves in the concrete provide less mechanical support to the 
claw and lead to abnormal loading. However, the same authors reported that the 
stresses are not increased where the claw (direction of travel) is perpendicular to 
the slat. On the study farms with grooving a typical diamond or square design 
with narrow grooves was used. The risk of the abaxial wall being unsupported in 
this situation is less than on 28mm wide. Grooving of concrete is often used as a 
method of reducing the slipperiness of worn concrete. An alternative explanation 
for the increased risk for sole ulcer is that despite grooving, concrete remains 
slippery. Alterations in the gait are observed when cows are walking over floor 
surfaces with low frictional properties (Phillips and Morris, 2001; Telezhenko 
and Bergsten, 2006). Slippery floor surfaces are associated with an increase in 
lameness (Fault et al., 1997; Dembele et al., 2006). It was hypothesised by Fault 
et al. (1997) that altered weight bearing on the claw resulting from abnormal gait 
of cows on slippery floors increases pressure on the sole and white line. In 
addition to having an altered gait when walking on slippery floor surfaces some 
cows physically stumble or slip. As a cow regains her balance, following a 
stumble or slip, one or more of her claws will strike the floor with increased 
force resulting in a direct trauma to the sole and white line. 
104 
A small quantity of slurry remains in the grooves in the concrete after it has been 
scraped. It is possible therefore that the grooves in the concrete act as a reservoir 
for the bacteria causing digital dermatitis offering an explanation for the large 
increased risk for digital dermatitis on this floor type. Wells et al. (1999) also 
reported the risk of digital dermatitis on for cows walking on grooved concrete 
was over 2.7 that of cows walking on textured concrete. It is perhaps more likely 
that there is an indirect association between digital dermatitis and grooved 
flooring and factors not measured are associated with digital dermatitis. One 
such factor is the quantity of slurry present on the floors of passageways and 
yards. Floor types which reduce slurry have been associated with decreased 
digital dermatitis (Somers et al., 2005). In this study grooved concrete areas 
were scraped at the same frequency as all other floor types which were scraped 
using a tractor. Potential differences in the quantity of slurry were not related to 
the scraping frequency. Other factors may affect the quantity of slurry in yards 
and passageways for example high stocking rates. The dry matter intake of the 
cows and the ration would also affect the quantity and consistency of the faeces 
produced by cows. The quantity of slurry present on yards and passageways 
could not be assessed due to the different times of day visits were made to 
different farms when the floor may have just been cleaned or not have been 
cleaned for several hours. The presence of slurry on the yards and passageways 
may also exacerbate the risk for sole ulcer and white line disease by increasing 
the slipperiness of the concrete further and softening the claw due to increased 
moisture content (Borderas et al., 2004). 
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Track surfaces 
Having no cow track, i. e. cows walking straight from the farmyard into fields, 
was associated with an increased risk for sole ulcer. The areas of highest cow 
flow are those closest to the farm. If these areas do not have a man made track 
surface then they may become damaged by cows (and vehicles) especially in wet 
weather. Such areas become wet and stones are visible at the surface which can 
be carried onto the concrete yards causing traumatic injuries to the sole. Wet 
conditions on the track would also cause increased softening of the sole horn 
further increasing the risk of sole ulcer (Borderas et at., 2004). 
Parity 
There was an increased risk of sole ulcer from parity four upwards. Alban (1995) 
also reported increased claw lesion in cows of parity four and above. The risk 
for white line disease increased with parity as also reported (Potzsch et al., 2003; 
Hirst et at., 2002). In the current study the lameness history of the cows was not 
known. However, the increase in lameness at higher parities may be partially 
explained by lesion occurrences in a previous lactation leading to an increased 
risk in the current lactation. The effects of calving on the complex processes 
involved in the formation of claw horn are also yet to be fully elucidated and 
may further explain the associations with parity. Previous studies have reported 
that first lactation cows have an increased risk of digital dermatitis and this risk 
diminishes with increasing parity (Somers et al., 2005; Rodriguez-Lainz et al., 
1999). However, in this study, no association was detected between digital 
dermatitis and parity of the cow until parity seven plus. 
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Herd Size 
No direct biological argument can be made for a direct association between sole 
ulcer and herd size irrespective of previous such associations (Rowlands et al., 
1985). It is therefore likely that herd size is a proxy for one or more risk factors 
for sole ulcer that were not measured. On possible indirect effect of increased 
herd size on sole ulcer is the potential number of social interactions, in particular 
aggressive and bullying behaviour, that may lead to increased standing times in 
submissive cows and that these could be higher in larger herds. A biologically 
plausible explanation for the association between digital dermatitis and herd size 
is that increasing group sizes within larger herds provide a larger susceptible 
population within which an infection disease can spread. Somers et al. (2005) 
reported increased risk for digital dermatitis with increased herd size. 
There were marked differences between sole ulcer and white line disease in 
terms of their associated risks. This provides further support for the theory that 
the aetiology of these diseases differ (Le Fevre et at., 2001). Lying comfort and 
outdoor surfaces should be considered when planning and making interventions 
for the reduction of sole ulcer and white line disease respectively. 
Variation between herds and between cows 
Multi-level modelling allowed the variation between farms and between cows to 
be assessed. There was no variation between individual cows for any of the three 
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lesion models. This suggests the use of a rate of lesions for the farm would have 
been appropriate. However, the use of a cow level within the model allowed the 
inclusion of data on the parity of the cows and month since calving. Data were 
also structured to allow for the differences in housing location and therefore 
exposures across time. More variation could be accounted for at the farm level 
for digital dermatitis than could be for sole ulcer and white line disease. This is 
likely due to the infectious nature of digital dermatitis. Whole herds in the data 
set remain uninfected by digital dermatitis where as almost all farms have some 
level of sole ulcer or white line disease. 
Conclusions 
Cows in parity four upwards were at greater risk of sole ulcer. Grooved concrete 
floors, no cow tracks, larger herd sizes and housing on sparse bedding for four or 
more months were also associated with an increased risk for sole ulcer. Risk 
factors for increased white line disease were increased parity, and grooved 
concrete floors. Increased herd sizes and exposure to grooved concrete floors 
were associated with increased digital dermatitis. These results contribute to our 
increasing understanding of the factors which may lead on to the development of 
specific claw lesions. This provides useful information which will help in the 
formulation of farm and lesion specific lameness control strategies. There are no 
conflicting risks between lesions; this is useful information since farmers do not 
have to choose between conflicting managements to minimise lameness. 
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Chapter 6 
Interventions for lameness reduction on 
commercial dairy farms 
Introduction 
The overall aim of this project was to reduce lameness in dairy cattle. Our 
understanding of the risk factors for lameness and claw lesions causing lameness 
has increased in recent years. The results from the multivariable models 
discussed in Chapters 4 and 5 add to this knowledge further. Despite this, there 
have been few studies which test the impact of intervening on known risk factors 
for lameness. Hughes et al. (1997) reported reduced incidence of lameness in 
two herds which replaced existing cubicles with loose straw yards. In two 
further herds modifications were made to cubicle dimensions: although 
observations of lying and rising restrictions were reduced, the incidence of 
lameness was not. Manske et al. (2002b) carried out a control trial to test the 
effectiveness of two different topical treatments for digital dermatitis. Hedges et 
al. (2001) tested the effect of supplementation with biotin on the incidence of 
claw lesions. In a large intervention study of mastitis control on dairy herds the 
amount cows affected with clinical mastitis was reduced by 22% (Green et al., 
2007). 
Intervention studies are currently recognised as the best available method of 
assessing animal health interventions as they provide high quality evidence on 
which to base animal health control strategies (Lavori and Kelsey, 2002). 
Important considerations in the design of an intervention study include the study 
population used (i. e. do they represent the target population? ) and the method of 
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allocating subjects to the treatment or control groups. Masking of participants 
(single blinded) or participants and researchers (double blinded) may be used to 
reduce bias. The study population should be large enough to allow for loss of 
participants from the study. However, these losses should be minimised through 
regular communication, follow up and even incentives (Dohoo et al., 2003, p185- 
205). 
A study was designed to assess the impact of interventions on known risk factors 
for lameness with the aim of improving locomotion scores and reducing the 
incidence of claw lesions. This chapter reports the preliminary findings of this 
intervention study. The results and implications of the findings for future work 
are discussed. 
Materials and methods 
Allocation of farms to control or intervention groups 
At the final visit of the first year risk analysis study all farmers indicated they 
would continue to record lesions until the end of the study (February 2006). One 
herd was not considered for the intervention study as it was the only herd with 
Ayrshire cows and could not be matched by breed with any other herd. 
Therefore, 49 farms were sorted according to straw yard or cubicle house, herd 
size, farm mean locomotion score, and the rate per 100 cows per year of sole 
ulcer, white line disease and digital dermatitis in the herd. Farms were paired 
with a farm of the same type and of a similar size and mean locomotion score. 
Farms were matched on locomotion score because locomotion score represented 
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a complete record of the lameness status of all cows and was recorded by the 
author and one of three colleagues. Then, where possible, farms were matched on 
lesion rates for each of the three lesion types. One straw yard farm remained 
unpaired (Table 6.1). 
One farm from each pair was randomly allocated to the intervention group and 
the other to the control group by generation of a01 Bernoulli distribution with 
p=0.5. This random allocation was blind and was carried out by a member of the 
group with no knowledge of the farms or herd locomotion. The allocation was 
then checked to ensure that the mean herd size, locomotion scores and lesion 
rates were similar for the two groups and that the main dairying areas represented 
by the study were evenly split across the two groups. The unpaired straw yard 
farm was randomly allocated to the intervention group. All farmers were 
contacted to confirm their continued participation in the intervention study. 
Seven farmers withdrew from the study at this point. Of these, four had been 
allocated to the control group and three to the intervention group. These farmers 
stated lack of time (5) and ceasing milk production (2) as the reasons for 
withdrawal from the study. The mean herd size, locomotion score and lesion 
rates were rechecked (Table 6.2). 
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Table 6.2 Intervention and control group means for final farm allocation 
Herd Loco Rate Rate Rate % loco 
size score SU WLD DD score 3 
Intervention 107.0 1.781 8.39 7.46 8.16 10.16 
Control 112.4 1.766 6.80 6.08 6.56 9.29 
Loco = Locomotion 
Study design and data recording considerations 
Analysing farm specific recommendations 
The main consideration in the design of this part of the study was the variation 
both in farm environment and management and in the lameness scores and rates 
on each of the farms. This prevented the use of a single set of recommendations 
for all farms since not all recommendations would apply to all farms; this might 
be because they were specific to a housing or management type which did not 
exist on that farm (e. g. an intervention on cubicle type on a farm with only straw 
yards) or because they were aimed at a specific type of lameness that did not 
exist on that farm (e. g. footbath recommendations on a farm with no digital 
dermatitis). The use of farm specific recommendations would also have created 
variables with too few data in the categories where a recommendation was only 
made to a small number of farms. The farm specific recommendations were 
therefore made using five target areas based on current working hypotheses of 
the causes of sole ulcer, white line disease and digital dermatitis (Table 6.3). 
Recording forms were designed with specific recommendations under the five 
target areas (Figure 6.1). For each recommendation made to the farmer comment 
of `should do' or `must do' was added by RB based whether there was a low or 
high incidence of the lesion which the recommendation was targeting. Not all 
recommendations were made to all farmers. 
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Figure 6.1 Interventions recording form 
Cm, nt Cn p size: Lying space: 
Non-lying spac : No. Cubicle: 
Feed Space: Average Faecal Sim: 
HYGIENE 
Recommendation NA Not 
Req'd 
Do 
Now 
Should 
Do 
Must 
Do 
Increasing deanlyness of passage and yard floors 
Er awing low stoc=king dens-me . 
i. e. 3m ow loafing space in 
cubicle house 
Adequate scraping: at least 6/abn' + dio ig m&in for automatic 
Kmpen or at (east 21ckn' or drrctor scnq)ed 
Avoid dietary upset leading to nnmy taoces 
Check- Chop lengtlý Amt Conc/Meal, Conc: F Ratio 
COW COMFORT AND STANDING 11MES 
Recommendation NA Not 
Req'd 
Do 
Now 
Should 
Do 
Must 
Do 
Incraase cubicle comfort to increase lying times 
By ensuring adequate bedding, 
Cunt cmx uni. Cuhide BaseBethbng: 
Rwa-? w enxlc: d Amourn: 
By providing comfortable lying space with even base and free fmm 
foºei objects 
By providing cubicles with appropriate dimensions 
Check: Position of neck raflsý HHeij4t side tails at rear 
By proving adequate lying space: 10% more cubicles dxm cows 
in aibicle house 
By providing adequate passage space to allow movenvrtts in and 
out ofcubicles: >6(1.8m but Uxdh' i)r shun' > 10'(3m) 
Reducing standing time on concrete 
Avoiding blind ended passage ways 
FLOOR QUALITY AND C OW FLOW 
Recommendation NA Not 
Req'd 
Do 
Now 
Should 
Do 
Must 
Do 
Provide a non4p walking surface which does not cause 
excessive wear 
ReCOn uikall replacing Wncn e if bxi{ly wail (. 1'ýIý)Ik'll' '7T )! lg1 r) 
Recomn]Gnd grooving the concrete 
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I 'rn' .. I\ 
Chun i Grotg, ýzx : 
Lying space: Non-lying space: 
Feed Space: Av e Faecal Score: 
HYGIENE 
Recommendation NA Not 
Req'd 
Do 
Now 
Should 
Do 
Must 
Do 
Increasing deanfiness of passage and yard floors 
Ensuring bw stocking densities. (8m /crnr (üx, 6in"i(w hod") in 
loose hvtw) 
Adequate scraping for stoclang level (p/e aw n? vnl below) 
Claw scmping: Remnnnaided sawng 
Avoiddietary upset leading to runny fheces 
Check: Chop I Ant Conc/Meal, Conc: F Ratio 
COW COMFORT AND STANDING TIMES 
Recommendation NA Not 
Req'd 
Do 
Now 
Should 
Do 
Must 
Do 
Increase cubicle comfort to increase lying times 
By emunng adexFete bedding (plaice give amount) 
By ensuring lying area is five of foneign objects 
By prop ng adequate lying space i. e. >6m /cow bedded in loose 
yard 
FLOOR QUALITY AND AN IMAL FLOW 
Recommendation NA Not 
Req'd 
Do 
Now 
Should 
Do 
Must 
Do 
Provide a non-slip walking surface which does not cause 
excessive wear 
Reconinudreplacing concrete ifbadlywom (. slgip n'hrnigh) 
Recoit nyW grooving the concrete 
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D... L..... . -A C nIL 4nn V. -I Inf rnnfinnc 
Parkte size/ type: 
Standirr time - Before milking. After millml . 
HYGIENE 
Recommendalon NA Not 
Read 
Do 
Now 
Should 
Do 
Must 
Do 
Increasing deanliness of pa&sage and yard floors 
Collecting yl is clean before milking 
COW COMFORT AND STANDING TIMES 
Recommendation NA Not 
Req'd 
Do 
Now 
Should 
Do 
Must 
Do 
Reducing standing time on concrete 
Reiß stx i tin-es at milking (max 4hrs/day) 
" Small grows going to milking at any one time 
" Reduce miller tines 
" Leave cow lying till after milking has started 
" Allow to return to housing s aught after milking 
mmendation I 
ReNot q'd 
I 
Now 
I SN)Uld 
Do 
I 
DNkIst o 
Provide a non-slip walking surface which does not cause 
Recom need np1acing c om : ifbadty wom (cliýEx r1 ! nxýýhl 
Remmrnd 1 
Allowing the cows to place their feet more carefully IIIIII 
Cows should be allowed to walk at their own wed wfth their heads 
down as they move 
If used; Barlang gates 4"M have a bell or other audible warning 
Sharp amps sl dd be avoided on the faun or, if necessary, provide IIIII 
robber floor 
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Cow Group(s) Present 
Yard Area: 
Feed Spwe" 
FLOOR QUALITY AND ANI MAL FLOW 
Recommendation NA Not 
Req'd 
Do 
Now 
Shoul 
d Do 
Must 
Do 
Provide a non-slip walking surface which does not cause 
excessive wear 
Reconirnend replacing concrete if badly wom (clippey, Amo) 
Reconv»end gmx)ving the axxaete 
HYGIENE 
Reconunendadon NA Not 
Req'd 
Do 
Now 
Shoul 
d Do 
Must 
Do 
Increasing deantiness of yard 
Adequate scraping for titocking level (please nemrd bekna) 
Cm ii scraping: 
Recon nmied scraping. 
Avoid dient' upset leading to ninny faeces 
Check: Chop I jK Amt ConcM(eal, Conc: F Ratio 
COW COMFORT AND STANDING TIMES 
Recommendation NA Not 
Req'd 
Do 
Now 
Shoul 
d Do 
Must 
Do 
Reducing st nding lime on concrete 
Reduce time dealing to feed by ensuing: a! k'asiO 8m/ant feal 
space 
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and LArneness Control hitementions- 
Fc dh toimýc: 
Solution changed: 
FOOTBATHS AND LAMENESS CONTROL 
Recommendation NA Not Do Shoul Must 
Req'd Now d Do Do 
Reducing infee6ousness of cows with dotal dernratias 
B1'usingafc0t hinthefol/'iingtt'a15: 
Low DD: <5% cows with raw open lesions 
Disinfectant 4% fomialh 3-4days Bonsec vely for winter 
housing Period 
Antibiotics: None 
High DD >5% cows with raw open lesions 
Disinfectant 4% Formalin, at least 5 da a week 365 days year 
Impvving d to footha h pnxxviwr for cow and siadbnan 
" Erman dha the ma *man rnunher o/'cvw passages = 
250 befbm soiution is euch , &J 
" Awid . c1n s and 
defecation in the fxotlx h by using it 
ºvgukrr4, (e at least 3x4x k) and usfg a. firm 
wn (ortable barg 
" Recommend a prmush ofcirvulation cleaner 
" Site footfaath at least onep rlour mw of wts ci suyfimm 
pcviouron nomnal remm nn&fim the a lour 
Reducing the spread of pathogenic organisms and improving 
healing 
1101 ng sic t1y faire cows ('Eünpinb cows) 
Use dressin on digital dermatitis cases 
Applybkicksto cows with hoof lesions 
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Heifer cubicle training: 
Heifer cow transition diet 
Dry cow transition diet 
HEWER INTEGRATION TO THE MU KI NG HER D 
Recommendation NA Not 
Req'd 
Do 
Now 
SFId 
Do 
Must 
Do 
Reducing trauma in freshly-calved heifers due to concrete 
Ir se lying tines/ cubicle usage in flesh calved heifers 
" Rearing heifers m cubicles 
" House heifers in cubicle he for 3-4weeks curing the 
simmer before they calve (while milking had out at 
puss) 
Reducing bulhv of heifers dry cows on entry to milking 
herd 
Housing should avoid blind etw passages 
A sqiuate heifer g tq could be n rained 
Heifers could be nixed with chy oows for social eiosure 
Heifers st dd be intmdu ed as a group to the main milling group 
Heifers should be nuxed at night 
Heifers should be mixed during feeding 
Reducing digestive upsets due to dietary change 
A low level (eg 10 kg) of the pest calving ration, or even better a 
Tmfic DCAB ration should be given for 3 weeks before calving 
Add Biotin into mb on at 20mg/cow/day 
Minimising digital demiatiäs post partum 
When entering heifer/dry oow harnition group footbathing should 
begin twice a week(see f) 
DRY COW INTEGRATION TO TH E MIL KING HE RD 
Recommendation NA Not 
Req'd 
Do 
Now 
Shoul 
d Do 
Must 
Do 
Rxducing d ve upsets due to diet' change 
A low level (eg 10 kg) of the lost caKing ration, or even better a 
spwfic DCAB ration should be ' given for 3 weeks before caMng 
Add Biotin into ration at 20mg/cow/day 
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FLOOR QUALITY AND ANI MAL F LOW 
Recommendation NA Not 
Req'd 
Do 
Now 
Shoul 
d Do 
Must 
Do 
Reducing cows slipping on slippery floor surfaces 
Reconmmicr i replace ig concrete if badly wom (slipperyhrn«gh) 
Recommend grooving the concrete 
T 
Recommendation NA Not 
Rd 
Do 
Now 
Shoul 
d Do 
Must 
Do 
Reducing foot wear due to surfaces of tracks and gateways 
Reco wend using ribber flooring 
Possible wet areas that cows will avoid 
Removal of bricks and stones or cover weh rannad 
chalk/ahen>ative 
Keeping hedges well trim id back 
Bnishing stones off tackoyacd surface 
Making a stome hap at end of track 
Rerouting hack i. e. to rec>}. re steepness 
Recommendation 
Allowing the cows to place their feet more carefully 
Cow,, shot dd be allowed to wall( at their own deed with their heads 
down as dicy move 
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A set of `standard values' for recommendations (e. g. bedding depth, space 
allowance) were agreed upon. These were based on current best practice and 
veterinary knowledge. These allowed both a clear guideline for where a 
recommendation should be made and a tool for monitoring changes made. 
Table 6.3 Summary of five target areas for intervention and hypotheses and aims 
for reducing lameness 
Target Area Hypothesis Aim 
Cow comfort Excessive standing increases risk Reduce involuntary 
& standing of sole ulcer standing times and 
times encourage increased lying 
times 
Floor quality Turning and slipping movements Prevent sharp turns, 
& cow flow increase the risk of white line avoidance behaviours and 
disease poor quality floors 
Hygiene Poor hygiene increases risk of Reduce contact with 
infectious diseases potential pathogens in 
slurry 
Footbathing & Footbathing and individual Reduce spread of infectious 
lameness treatment reduces risk of disease and improve 
control infectious lameness and recovery by treatment 
prevalence of non infectious 
causes 
Integration & Poor integration and Reduce bullying that would 
socialisation socialisation and integration of lead to increased standing 
newly calved animals into the times and avoidance 
herd increases the risk of sole behaviours 
ulcer and white line disease 
The presentation of recommendations to study farmers 
In addition to the content of the recommendations, a second consideration was 
who should make the recommendations and how these should be explained to the 
farmer. Roger Blowey (RB) is a veterinarian with considerable knowledge of the 
dairy industry and lameness in dairy cattle. He hosted the five lameness and 
lesion recognition training events for study farmers during the first year of the 
study (Chapter 2). Feed back from these farmers following the training events 
was very positive with most farmers commenting on his ability to communicate 
122 
with the farmers in a useful and informative way. Therefore RB and either 
Joanne Wright (JW) or ZB attended all intervention visits with RB presenting the 
recommendations after a farm inspection. 
It was extremely important that both intervention and control farms continued to 
the end of the intervention study. The intervention farms were visited at the start 
of the intervention study and as an incentive to stay in the study the control farms 
were offered a similar farm visit at the end of the study. 
Data collection 
The timings and data collected at the farm visits during the `intervention study' 
are summarised in Tables 6.4 and 6.5. For visits 5-7, as with previous visits, one 
or more researchers visited the farm. RB was accompanied by a researcher on 
the pre-intervention and post-intervention visits. 
Table 6.4 Time and grazing season of farm visits. 
Visit number Time of visit Housing status Number 
of farms 
Study 
period 
Pre-intervention Nov - Dec 04 Winter housing 22 
5 Jan - Feb 05 Late winter housing 42 Year 3: 6 Jul - Aug 05 Grazing 42 Intervention 
7 Jan - Feb 06 Late winter housing 41 study 
Post-intervention May - Sep 06 Grazing 17 ** 
* Intervention farms only. ** Control farms only 
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Table 6.5 Farm visits and data collected between November 2004 and February 
2006 
Data collected When collected Purpose of data 
Locomotion score all Visits 5-7 To measure lameness prevalence 
cows 
Cleanliness score of hind 
quarters all cows 
Hock score all cows 
Assessment of bedding 
quality and quantity 
Consistency of faeces 
Detailed farm risk factor 
assessment 
Details of interventions 
implemented 
Summer & winter risk 
Visits 5-7 Indicator of diet & cleanliness of 
environment 
Visits 5-7 Cause of lameness & indicator of 
cow comfort 
All visits during Indicator of cow comfort 
housed period 
Visits 5-7 Indicator of diet 
Pre-intervention To identify areas for intervention 
visit 
Visit 6&7 To monitor uptake and effect of 
interventions 
Visit 6&7 Comparison of risk factors present 
factor summaries on intervention and control farms 
Recording of lesions at Feb 03 - Feb 06 Identification of causes of lameness 
trimming* 
*Lesions recorded by farmer continuously between visits 
Pre-intervention visit 
The 22 farms allocated to the intervention group were contacted by telephone to 
arrange a farm visit by RB and one of two researchers. A letter was sent to the 
farm veterinarian with a brief description of the project (Appendix I, page 195). 
All visits were carried out according to the following procedures. 
Intervention visit procedure 
0A pre-visit summary sheet (Appendix J, page 196) was produced and sent 
to RB the week before the intervention visit. 
0 RB was guided around the farm by the farmer/herdsman following the flow 
of the cows through the buildings. Buildings were visited in the same order 
on all visits. 
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0 RB complete personal notes while the researcher followed the intervention 
sheets advising RB of any necessary measurements or points to be 
discussed. 
0 RB went through suggested recommendations to the farmer after the farm 
tour indicating whether he felt the recommendation was a `should do' or a 
`must do'. 
0 The farmer was asked to state whether he would be willing to implement 
each of the recommendations, with a `yes', `no' or `maybe' response. This 
response was noted by JW or ZB. 
0 After leaving the farmer, RB and the researcher completed an overall 
impressions sheet (Appendix K, page 197) which recorded the general 
impression of the visit success including the attitude of the farmer. 
0 RB produced a report of the visit detailing the points discussed with the 
farmer (Appendix L, page 198). 
0A recommendation summary sheet was completed by the researcher 
present at the visit (Appendix M, page 200). 
0 The report of the visit and summary sheets were posted to the farmer. 
Monitoring interventions 
A updated copy of the intervention summary sheet was taken to the intervention 
farms at each subsequent visit (visits 5-7) and the farmers were asked to provided 
details of any changes made. 
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Recording risk factors 
Risk factors at pasture and during winter housing were recorded on standard 
forms (Appendix N, page 201) for all farms at visits 6 and 7 respectively. The 
risk factors were recorded using yes/no responses to questions relating to the 
presence or absence of features of the cows' environment or management 
practices considered to be a risk. In cases where measurements were taken the 
`standard values'were used to define the threshold for a `yes' response by the 
recorders. 
Individual cow, housing and management data 
All cows were scored for locomotion, hock lesions and cleanliness at each of 
visits 5,6 and 7. Faecal consistency, bedding depth and bedding cleanliness 
were also scored for each cow house/group. Details of all scoring techniques are 
described in chapter 2. At each visit farmers were also asked to provide details 
of any housing or management changes occurring since the date of the previous 
visit. Farmers were also reminded to continue to record claw lesions observed 
during treatment. 
Exit Questionnaire 
At visit 7 all farms were asked a short exit questionnaire which was designed to 
capture farmer opinion on the study. Farmers were also asked to provide a 
summary of the animals culled in the previous 12 months and the reason for 
culling. 
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Post-intervention visit 
After the end of the study, farmers in the control group were contacted to arrange 
a visit by RB and a researcher. A letter was again sent to the farm veterinarian 
and the visit was completed using the `intervention visit procedure' described 
above. 
Analysis of intervention data 
Farm mean locomotion scores 
Analysis of locomotion scores was completed using data from 22 treatment 
farms and 19 control farms. Mean locomotion scores were calculated for the 
farm visits that took place in late winter housing (year 1, January to March 2004; 
year 2, January and February 2005 and year 3, January and February 2006). 
Individual cow locomotion score 
As described in Chapter 5, each of the various cow identifications used 
throughout the study (freeze brand, UK ear tag, management tag and line 
number) were matched and each cow was assigned a new unique identifier. 
Locomotion scores taken at each visit were grouped for each cow. The 
percentage of each possible change in locomotion score between visits 5 and 6,6 
and 7,5 and 7 was calculated for each farm. 
Rates of lesions 
One farm failed to return any records of lesions so was excluded from the 
analysis of lesions rates. The number of control farms in the analysis was 
consequently 18. 
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Lesion rates were calculated for the first (February 03 to January 04), second 
(February 04 to January 05) and third (February 05 to January 06) years of the 
study. Intervention recommendations were given to farmers at the end of the 
second year of the study, therefore the third year of the study may represent the 
changes of lesion rates in response to interventions in the treatment group. A 
lesion occurrence was defined as the first of that type of lesion per claw recorded 
by the farmer during treatment for lameness. As with locomotion score the 
differences in the rates of specific lesions between the years of the study were 
calculated for each farm (Equation a). 
Equation aD= R - R_1 
Where 
D =Difference in rate of lesions 
R= Rate of lesions 
= Year of sturdy 
Results 
Participation 
Only one farm failed to complete the intervention recording period as the herd 
was sold in December 2005. Although this was close to the end of the study 
period the herdsman had fallen behind with lesion recording and was no longer 
available to complete the records so the farm was removed from the analysis. 
All lesion forms were returned by 30th March 2006 following reminders at the 
final visit and subsequent telephone calls if required. 
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Uptake of interventions 
Table 6.6 Urtake of recommendations within 5 target areas 
Target area Total 
no. 
given 
Total 
implemented 
no. % 
Farmer response 
where 
recommendation 
was implemented 
Yes Maybe No 
Farmer response 
where no 
recommendation 
was implemented 
Yes Maybe No 
Cow comfort 
& standing 
times 70* 12` 17.1 731 18 21 18 
Floor quality & 
cow flow 78 13 16.7 11 11 20 30 15 
Footbathing & 
lameness 
control 40 12 30.0 12 00 16 10 2 
Hygiene 35* 8 22.9 521 83 15 
Integration & 
socialisation 24 11 45.8 10 10 382 
Other 23* 11' 47.8 730 840 
Total 270 67 24.8 52 10 3 73 76 52 
Four farmer responses not recorded (2 Cow comfort, 1 Hygiene, I Other) 
Two recommendation without farmer response implemented (1 Cow comfort, I 
Other) 
The percentage of recommendations implemented across farms ranged from 25% 
to 62%. The greatest numbers of recommendations were made under the cow 
comfort and standing time (CC&ST) or floor quality and cow flow (FQ&CF) 
target areas (Table 6.6). However, the percentages of recommendations 
implemented by farmers in these two target areas were lowest. The types of 
recommendations given to the farmers within the target areas are summarised in 
Table 6.7. Examples of three recommendations implemented by farmers are 
photographed in Figure 6.2. The recommendations implemented within the 
CC&ST and FQ&CF target areas were often small repairs or additions (e. g. 
repair concrete, add rubber floor at parlour) or management changes (e. g. 
increase cubicle bedding, milk in groups to reduce standing at milking). 
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Forty one point six percent of the recommendations that farmers said they would 
implement were fully implemented while 10 (11.3%) of the 86 recommendations 
that initiated a `maybe' response from the farmers were adopted. Where a farmer 
responded `no' to a recommendation 3/51 (5.5%) were implemented. Of the `no' 
responses received 56.9% were given to recommendations which involved 
structural changes to buildings or walkways. A further 11.8% were achievable 
without structural changes but had high cost implications, namely increasing the 
number of cubicles per cow and installing cubicle mats/mattresses. Responses 
for four recommendations were not obtained as they were not posed to the farmer 
during the visit but were added to the summary of recommendations sheet sent to 
the farmer by post following the visit. Of these, two of the recommendations 
were implemented by the farmer. 
ir 00 
hl After 
Figure 6.3 Access to concrete for 
heifers and drv cows 
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Figure 6.2 Improvements to track surface on hilly terrain from hardcore/ mud 
track used by tractor and cows to separate cow track with pine peelings over 
reclaimed railway sleepers 
Figure 6.2 Rubber at parlour exit 
Table 6.7 Summary of recommendations made to farmers 
Recommendations Total 
Given 
Total 
implemented 
No % 
Cow comfort and standing times 
10% more cubicles than cows 8 0 0.0 
Add mats or mattresses 4 0 0.0 
Change cubicle dimensions 3 0 0.0 
Increase bedding quantity 16 5 31.3 
Increase feed space 7 1 14.3 
Add brisket board 3 1 33.3 
Increase lunging 10 0 0.0 
Move brisket board to 1.77m 5 0 0.0 
Reduce standing time during milking 6 5 83.3 
Replace cubicles 4 0 0.0 
Other 4 0 0.0 
Floor quality and cow flow 
Improve track 10 1 10.0 
Increase loafing space 3 1 33.3 
Increase turning space in parlour 5 0 0.0 
Improve cow flow in house /feed area 11 2 18.2 
Improve flow through parlour 3 1 33.3 
Load collecting yard from back 3 0 0.0 
Repair areas of rough/damaged concrete 15 3 20.0 
Rubber floor feed area 3 0 0.0 
Rubber floor parlour/ parlour exit 9 3 33.3 
Groove/Re-groove slippery concrete 5 2 40.0 
Widen cubicle passages 4 0 0.0 
Improve concrete and/or drainage to remove pooling 2 0 0.0 
Other 5 0 0.0 
Hygiene 
Improve ventilation 8 1 12.5 
Increase scraping 9 3 33.3 
Reduce pooling/ puddles of slurry 5 3 60.0 
Widen cubicle passage 9 0 0.0 
Other 4 1 25.0 
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Table 6.7 continued 
Recommendations Total Total 
Given implemented 
No % 
Footbathing and lameness control 
Apply block to cows with hoof lesions 3 2 66.7 
Buy new footbath with no ridges 2 1 50.0 
Treat and dress digital dermatitis lesions for 3 days 10 3 30.0 
Increase footbathing frequency 18 4 22.2 
Move footbath 3 1 33.3 
Remove severely lame cows to straw yard 2 0 0.0 
Other 2 1 50.0 
Integration & socialisation 
Cubicle training for heifers 7 1 14.3 
Expose heifers to concrete 4 3 75.0 
Specific dietary changes 8 6 75.0 
Other 5 1 20.0 
Other 
Add 20mg/cow of biotin to dairy ration 17 6 35.3 
Keep closed herd and don't buy in stock 65 83.3 
Comparison of control and intervention groups 
Incidence of claw lesions 
The rates of sole ulcer for the intervention group were lower than the control 
group for each quarter (3 months) after the pre-intervention visits (November 04 
- January 06) in which the recommendations were made to the farmer (Figure 
6.5). On farms where reductions in the rate of sole ulcer were achieved the 
decrease was greater for farms in the intervention group and greater than in the 
previous year. Where the rate of sole ulcer was increasing on farms the increases 
were smaller for farms in the intervention group (Figure 6.8a, b). 
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The rate of white line disease fluctuated over time for both intervention and 
control groups (Figure 6.6). On farms where the rate of white line disease 
decreased it did so by a greater amount on intervention farms than control farms. 
On most farms where there rate of white line disease increases it did so by a 
smaller amount on intervention farms than on the control farms. However, 
substancial increases in the rate of white line disease were recorded for two 
farms in the intervention group (Figure 6.9a, b). 
The annual incidence of digital dermatitis decreased during the 3 years of the 
study for both the intervention and control groups (Table 6.8). The rate of digital 
dermatitis per quarter was smaller for the intervention group than for the control 
group after recommendation had been given to the farmers (Figure 6.7). 
However, the reported rate of digital dermatitis for the intervention group was 
particularly small. No differences were measured between individual farms in 
the control and intervention groups (Figure 6.1Oa, b). 
Table 6.8 Mean locomotion scores and rates of claw lesions for control and 
intervention farms in three study years 
Control Treatment 
Year 1 Year 2 Year 3 Year 1 Year 2 Year 3 
Locomotion 1.76 1.77 1.78 1.78 
score (0.03) (0.03) (0.02) (0.02) 
Sole ulcer 9.42 9.80 12.50 8.52 9.53 8.85 
incidence rate (2.05) (2.50) (3.75) (1.64) (1.80) (1.49) 
White line 8.11 6.58 7.36 7.41 8.50 8.47 
disease rate (1.60) (1.42) (1.38) (1.58) (2.08) (2.02) 
Digital 5.96 3.84 3.43 3.14 1.66 1.83 
dermatitis rate (1.73) (0.85) (1.32) (3.13) (2.54) (0.97) 
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Figure 6.5 Rate of sole ulcer per quarter in control and intervention groups 
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Figure 6.6 Rate of white line disease per quarter in control and intervention 
groups 
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Figure 6.7 Rate of digital dermatitis per quarter in control and intervention 
groups 
  Control   Intervention 
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06 
Figure 6.8 Differences in rate of sole ulcer per farm between study years 
(control=blue triangle, intervention=red diamond) 
a) Year 2- year 1 (pre-intervention) 
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Figure 6.9 Differences in rate of white line disease per farm between study years 
(control=blue triangle, intervention=red diamond) 
a) Year 2- year 1 (pre-intervention) 
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Figure 6.10 Differences in rate of digital dermatitis per farm between study years 
(control=blue triangle, intervention=red diamond) 
a) Year 2- year 1 (pre-intervention) b) Year 3- year 2 (post-intervention) 
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Locomotion score 
The mean locomotion score did not differ between the first and third years of the 
study for intervention or control farms (Table 6.8). There was no reduction in 
locomotion score or the percentage of severely lame cows (locomotion score 3) 
for farms in the intervention group at the visit immediately after the 
recommendations had been given to farmers (visit 5). Lower mean locomotion 
scores and lower percentage of locomotion score 3 cows were observed for the 
intervention group at subsequent visits (Figure 6.11 and 6.14). There were no 
differences in the percentage of cows with locomotion score 1 or 2 between 
intervention and control farms. There were notable differences in the percentage 
of individual cows moving between the different locomotion scores (Figures 
6.15-17). On farms in the intervention group a higher percentage of cows had 
improved locomotion from score 2 to score 1 between the visits (Figures 6.15d, 
6.16d and 6.17d). A greater number of control farms than intervention had cows 
moving from normal locomotion (score 1) to severely lame (score 3) between 
visits 5 and 6 (Figure 6.15c). Higher percentages of cows within these farms 
demonstrated this deterioration in locomotion. A greater proportion of cows on 
control farms remained severely lame between visit 6 and 7 (Figure 6.16i). 
Although this difference was less obvious between the other visits the control 
farms with the highest number of cows remaining score 3 had much greater 
percentages than the highest intervention farms (Figure 6.15i and 6.17i). On 
most farms the largest proportion of cows remained as a score 2 between any 
pairs of visits. 
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Figure 6.11 Mean score of locomotion for control and intervention groups 
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Figure 6.12 Percent of cows with locomotion score 1 in control and intervention 
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Figure 6.13 Percent of cows with locomotion score 2 in control and intervention 
groups 
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Figure 6.14 Percent of cows with locomotion score 3 in control and intervention 
groups 
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Discussion 
Methodology 
Logistical constraints 
Time and financial constraints prevented base line locomotion scores being taken 
at the same visit as the intervention visit with RB. Combining the visits would 
have reduced the number of visits each day to one but would have required both 
researchers to be present in addition to RB at most visits. It was decided that the 
most effective use of resources was for RB and one recorder, mainly JW, to carry 
out intervention visits in November and December 2004 and for both recorders to 
complete the baseline locomotion scores for intervention and control herds (visit 
5) in January/February 2005. On average, farmers began to implement 
recommendations 58 days before the date of the visit 5. The implementation of 
recommendations prior to visit 5 may have affected the locomotion of cows 
scored at this visit. However, mean locomotion scores at visit 5 were not lower 
for intervention farms. The length of time an animal needs to be exposed to a 
reduced risk for differences between intervention and control farms to be evident 
is unknown. However, given that it takes around two to three months for damage 
to the corium to become visible as a lesion (Lischer and Ossent, 2001; Lischer et 
al., 2001), it is unlikely that implementations made before visit 5 will have had a 
large impact on locomotion. 
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Using an expert 
Using RB in combination with a researcher allowed us to take advantage of the 
experience and knowledge of a practicing veterinarian whilst the presence of an 
experienced researcher ensured the visits were standardised. RB was successful 
at communicating new ideas to dairy farmers. However, as RB was not used to 
working to a formal visit structure, it was necessary for the researchers to remind 
RB to take measurements rather than visual assessments and also to ensure all 
recommendation areas were covered on all farms. A small number of 
measurements were missed where no recommendation had been given to the 
farmer; these were recorded at visit 5 by the researchers to complete the data set. 
Prior to the intervention visits the standard recommendation for feed space per 
cow was agreed at 0.8m/cow. However during the visits RB suggested that 
0.6m/cow was adequate and made recommendations to farms with feed space 
less than 0.6m/cow. Although recommendations were not made to those farms 
with a feed space per cow of between 0.6 and 0.8m this is unlikely to have 
impacted on the results given that of seven recommendations to increase feed 
space only one farmer did so. 
Uptake of interventions 
Higher completion of interventions was achieved in footbathing, other, and 
socialisation and integration target areas. Farmers also responded with a higher 
proportion of `yes' and lower proportion of `no' answers for these target areas. 
This is probably because a greater number of the recommendations made under 
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these target areas involved management changes, nutrition changes or small "one 
off' jobs. Large structural changes were major hurdles to implementing changes 
due to the large financial investment required. Such recommendations almost 
always elicited a `no' response from the farmer. Unless improvements had 
already been planned, farmers were unwilling to consider such changes within 
the time scale of the project. Many farmers expressed a desire to renew their 
facilities if the funds were available. However, the current economic situation in 
UK dairying prohibits investment for many farmers. 
Farm variation 
Interpretation of the results is complicated by the amount of variation between 
individual farms. In both control and intervention groups there were farms with 
large improvements in locomotion scores and rates of lesions. There were also 
farms where locomotion and rates of lesions deteriorated in both groups. This 
variation may be partially explained by the number, type and potential impact of 
the recommendations implemented. Farmers in the intervention group usually 
selected those recommendations that were cheapest and easiest to implement 
regardless of the likely impact of the recommendation. Therefore the success for 
individual farmers may have been affected by their choice of interventions. 
Although control farms were not given recommendations they were not 
prevented from making changes on their farms which may have affected 
lameness. This may explain some of the variation in locomotion scores and 
lesion rates on control farms. 
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Effect of interventions on lameness and rates of lesions 
The incidence of sole ulcer was lower for intervention than control farms. The 
following recommendations aimed at reducing sole ulcer were implemented by 
farmers: increasing the quantity of bedding material, addition of a brisket board 
to improve the lying position of cows in cubicles, increasing feed space, reducing 
the time cows stand for milking and changes to diet, especially in the transition 
period. Further investigation is required into the effect each of these 
recommendations on incidence of sole ulcer on individual farms. Milk loss 
associated with sole ulcer is around 560kg per cow per lactation (Amory et al., 
submitted). It is necessary to calculate whether the reduced milk loss and 
treatment cost associated with these small reductions in sole ulcer incidence 
justify the cost of implementing the recommendations. 
Comparison of the control and intervention groups did not reveal a clear 
reduction in the rate of white line disease associated with interventions. 
However, there was some evidence that interventions may be affecting the rate of 
white line disease at the individual farm level. A greater level of compliance 
may be required to reduce the incidence of white line disease than for sole ulcer. 
The hypothesised risks for white line disease are largely exposure to noxious 
stimuli such as an area of poor quality floor. If one such hazard for white line 
disease on a farm is eliminated but a second is still present then there is still a 
risk to every cow. However, the incidence of sole ulcer is affected by factors 
which either force cows to stand or prevent them from lying down. Removing 
one of these restrictions would reduce standing time by a certain amount 
reducing the risk by a small amount. Removing a second restriction would 
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reduce standing time further and reduce the risk of sole ulcer further. Impatient 
handling of cows by the farmer is an important risk for lameness (Chesterton et 
al., 1989; Clackson and Ward, 1991). When handled patiently cows avoid 
hazards in their path, therefore the risk from a poor floor surface is reduced. The 
unmeasured variation in the handling of cows on different farms may further 
explain the lack of association between the incidence of white line disease and 
implementation of interventions. Finally it must also be considered that the 
recommendations made to farmers were incorrect or at least not the major risks. 
For example, in the multi-level modelling grooved flooring was associated with 
increased odds for white line disease and other lesions. Perhaps this suggests 
that grooving slippery floor surfaces is not cost effective and it is more beneficial 
to recommend replacing such floors. 
The incidence of digital dermatitis decreased for farms in both the control and 
intervention groups. A similar decrease was reported by Laven, (2006). The 
reduction in digital dermatitis may be because farmers in general are more aware 
of digital dermatitis and their treatment strategies have improved. A second 
explanation is that digital dermatitis is endemic on many farms and controlled 
using whole herd treatments. Where more treatments are made at the herd level 
fewer treatments are made at the individual cow level. Reporting of digital 
dermatitis treatments may therefore be reduced. The incidence of digital 
dermatitis is lower for farms in the intervention group than the control after the 
recommendations were made to farmers. However, this followed a very low 
incidence of digital dermatitis in the summer months prior to intervention which 
may have reduced the disease challenge during the winter. The incidence of 
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digital dermatitis did not differ between control and intervention farms in the 
final three months of the study. Uptake in the footbathing and lameness control 
target area was third highest. However, there was only moderate uptake of the 
main digital dermatitis control strategies (increased footbathing, 22%; treat and 
bandage open lesion, 33%) despite their relatively low cost. It is also possible 
that the footbathing procedures were not optimal for example frequency was less 
than stated by the farmer or the reagents were not accurately measured. Again, 
the possibility that the recommendations were incorrect must be considered. But 
the rates of treatment were so low that differences between the groups were not 
obvious. 
The mean locomotion score and percentage of severely lame cows were lower in 
herds in the intervention group after intervention than before. There was also a 
general trend towards a greater number of cows on the intervention farms with 
locomotion score improving to a score 1 and fewer increasing to score 3. It is 
probable that the improved locomotion scores resulted from a lower incidence of 
sole ulcer. These small improvements in overall locomotion indicate that 
implementation of recommendations may be beneficial and require further 
investigation. 
Future analyses 
The five target areas for intervention were based on the hypothesised aetiologies 
of sole ulcer, white line disease and digital dermatitis. The effect of 
recommendations made under each target area on locomotion and incidence of 
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lesions causing lameness are to be investigated. Where a number of farmers 
implemented a specific recommendation (e. g. increased quantity of bedding, 
reduced standing time at milking, increased footbathing frequency) the effect on 
locomotion and lesions will also be investigated. A small number of farmers in 
the control group made interventions on their farms. The effect of making one or 
more interventions on the farm will analysed irrespective of treatment group. 
The data will also be analysed in terms of the proportion of interventions 
implemented by each farmer to investigate any potential threshold effect. Finally 
the effect of intervening on risk factors on the locomotion and lesion incidence of 
first lactation cows will be investigated because cows which have suffered a 
previous lesions event are predisposed to lesion in subsequent lactations (Hirst et 
al., 2002). 
Conclusions 
Although there was evidence for a small reduction in incidence of sole ulcer and 
improved locomotion score, it was not possible to demonstrate a successful 
strategy for the overall control of lameness. The multi-factorial nature of 
lameness means that lameness control strategies must also be complex. It may 
be that significant reductions in the incidence of claw lesions and lameness may 
only be achieved if a high proportion of the risk factors are eliminated. Methods 
of increasing the compliance of farmers are therefore essential to differentiate 
poor strategy from poor uptake. 
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Chapter 7 
General Discussion 
Introduction 
This aim of this study was to increase our current understanding of management 
risk factors for lameness in dairy cows and to identify relationships between risk 
factors and lesion specific causes of lameness. This was successful. The 
relationships between poor locomotion, lesions causing lameness and 
management risks measured were estimated and some clear associations were 
identified. A second aim was to test whether implementation of changes in 
known risk factors would reduce the prevalence of lameness using the same 
outcomes as above on commercial dairy farms. There was some success in this 
part of the project and interesting hypotheses arose from it. 
Relationships of lameness, lesions and risk factors 
Figure 7.1 is a flow diagram which highlights the relationships between known 
associations from this thesis (chapters 4 and 5) and hypothesised associations 
also included in the intervention study (chapter 6). The static risks are 
confounders that we know are associated with locomotion and lesions causing 
lameness but that are also a necessary part of the system. They do not confound 
all outcomes and management risks and so may assist in understanding the 
biology of these processes. 
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The associations illustrated in Figure 7.1 are clearly complex. The target areas 
within which interventions were made (chapter 6) are included in Figure 7.2. 
These illustrate the hypothesised associations. Standing time and cow flow 
target area is linked with the circuit of association between sole ulcers, poor 
locomotion and sparse bedding. 
Intervening to reduce lameness 
The initial findings from the intervention study suggest it may be possible to 
intervene on dairy farms to reduce the incidence of sole ulcers. Intervention 
strategies for lowering sole ulcers were aimed at reducing the time cows spent 
standing through reduced queuing and improved cow flow and through improved 
bedding comfort. The area that farmers implemented most was decreasing the 
standing time around milking followed by increasing the quantity of bedding 
used. 
There was no apparent reduction in digital dermatitis or white line disease 
lameness in the intervention study. The hypotheses used to intervene to reduce 
these lesions were based on current knowledge. The lack of success could have 
occurred because of failure of farmers to implement changes, lack of power in 
the study, lack of time to see an effect or because the wrong interventions were 
suggested. The results from the models of risk factors for white line disease and 
digital dermatitis were not available when the intervention study started. These 
lesion specific models highlight that very few of the measured management 
factors appeared to influence either of these lesions. However, the 
recommendation to groove concrete would have been amended to recommend 
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resurfacing concrete in preference to grooving. Stronger emphasis would also 
have been placed on the quantity of bedding in cubicle beds. 
A greater understanding of the risk factors associated with these lesions is 
required in order to develop a more successful control strategy. However, the 
lack of apparent association between the incidence of white line disease in cattle 
and mean farm locomotion score (chapter 3) may indicate that white line disease 
per se does not cause raised lameness on farms. This is a confusing finding; one 
explanation is that only severe cases of white line disease cause lameness and 
that an improvement in the case definition is required. The incidence of digital 
dermatitis is also likely to be underestimated since only lame cows were 
observed and many non-lame cows will have clinical signs of digital dermatitis. 
Analysis of the locomotion scores of individually identified cows and their 
subsequent treatments for lameness may demonstrate whether or when farmers 
treated lame cows and whether treatment improved locomotion score. For 
example, there may have been a lower proportion of cows becoming lame for the 
first time on intervention farms. This may be confounded by older cows 
predisposed to lameness due to lameness in the previous lactation (Hirst et al, 
2002; chapter 5). Analysis of the effect of intervention on the prevalence and 
incidence of lameness in first lactation cattle is therefore also a likely further 
useful exploration. 
Once we are sure we have the correct recommendations an improved uptake of 
interventions is almost certainly also required to reduce the prevalence of 
lameness and incidence the of claw lesions. 
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No previous studies have intervened on all types of lameness across a wide range 
of farms. The study design allowed the use of farm specific recommendations 
for multiple causes of lameness and is similar to that used by Green et al., (2007) 
to intervene on mastitis managements. Where a clinical trial is directed at a 
single risk greater effort may be made by the farmer in that area. However, if a 
number of other risks remain unchanged then this will fail to produce significant 
results if there is a threshold effect (i. e. several factors synergistically reduce 
lameness where one single factor may not). The study allowed the farmer to 
make a number of recommendations and therefore test of a threshold effect. 
Exploring this analytically is highly challenging but worthy of further 
investigation. 
Possible shortcomings of the study 
It was accepted at the beginning of the study that the recording of lesions by 
farmers was likely to underestimate the incidence of lesions causing lameness. 
This method of recording may be unsuitable for estimating the incidence of 
digital dermatitis. The use of whole herd treatments means that many individual 
treatments are not recorded. Regular assessments of the prevalence of digital 
dermatitis as cows are being milked in the parlour may have been more suitable. 
The simple three point locomotion scoring system used did not distinguish 
between cows with no gait asymmetry and cows with an obvious limp as both 
could walk with an arched back. The proportion of cows with score two and 
three may overestimate the prevalence of lameness while the proportion of score 
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three cows only gives the prevalence of severely lame cows. Observer drift was 
not estimated. It is possible that locomotion score changed with time during the 
study. 
The constraints on time had two main impacts on the study. Firstly, the 
intervention study started before the completion of the analysis of risk factors for 
claw lesions. Secondly, too little time was available to monitor the effects of 
interventions. 
Conclusions 
This thesis has contributed to our understanding of the risks factors associated 
with an increased prevalence of lameness and incidence of sole ulcer. From this 
study we propose that reduction in the occurrence of sole ulcer is possible and 
that reduced standing and increased cow comfort are key to this reduction. We 
propose that white line disease and digital dermatitis have different causal 
pathways that are as yet unclear. It is particularly interesting that studies have 
repeatedly failed to identify very clear risks for white line disease, yet it remains 
a common pathology. We hypothesise that one explanation is that white line 
disease may not be the underlying cause of lameness or may be over diagnosed. 
Digital dermatitis is an infectious condition and its infectious non-linear 
behaviour may indicate that management has only a small role to play in disease 
in infected herds. It may therefore be possible to develop successful control 
programmes for the reduction of lameness attributable to sole ulcer. To develop 
control programme for white line disease and digital dermatitis a greater 
understanding of the risk factors and their causality is required. 
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Figure 7.1 Schematic diagram of measured and hypothesised risk for poor 
locomotion and claw lesions in dairy cows 
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Figure 7.2 Schematic diagram of measured and hypothesised risks for poor 
locomotion and claw lesions and target areas for intervention in dairy cows 
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Future work 
Continued analysis of this data set may help to develop our understanding 
further. Considerations for future work are stated below. 
" Analysis of the association between locomotion score and treatment of 
lesions at the cow level is required to quantify the time takes by farmers 
to treat lame cows. The same data may also provide information about 
lameness recovery time. 
" Analysis of lesion and locomotion score data to assess associations 
between different types of claw lesion and different locomotion scores. 
" Analysis of cow level locomotion score data to determine the effect of 
parity on locomotion score. 
" Examination of the lesions not recorded as the primary cause of lameness 
to identify whether a common misdiagnosis of white line disease may 
explain the lack of association between white line disease and poor 
locomotion. 
" Identify associations between different lesions occurring in the same cow 
and examine the progressions of different lesions with time. 
" Determine the effect of intervention on locomotion score and rate of claw 
lesions in first parity animal. 
" Analysis of data on cows with multiple parities from the time of first 
calving to identify predisposing factors for lameness such as previous 
lameness events and milk yields. 
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APPENDIX A: FIRST FARMER RECRUITMENT LETTER 
LAMECOW - an EU funded project to reduce 
lameness in dairy cows 
Dear Sir / Madam 15/1/2003 
A couple of years ago you kindly helped us with a project looking at the impact 
of low cell counts in cows and their associations with mastitis. You were one of 
500 farmers who recorded cases of mastitis throughout one year. We really 
appreciate your commitment to doing this. 
We are asking for your help again. Lameness is another serious problem in dairy 
cows causing milk loss and early culling. The EU has recently funded a 
partnership of researchers to study lameness in dairy cows and to design `Best 
Practice', a scheme with recommendations to reduce lameness in dairy cows. 
With this in mind we would like to ask you to record all cases of lameness that 
you have in your herd (pregnant heifers, milking cows and dry cows) over the 
next year, starting on Is` February 2003, on the attached forms. At the end of the 
year we will send you a questionnaire asking about the management of your 
cows. 
Also, if you trim your cows' feet routinely e. g. at drying off, we ask that you 
record what you or your foot trimmer see on these forms. As with the mastitis 
study we will send you new forms every 2-3 months and ask that you send in 
completed forms in the enclosed stamped return address envelope. 
At the end of the year (allowing a few months for analysis of data) we will send 
you a report of how much lameness and of what type you had in your herd and a 
summary of all the farm results combined to show how your herd compares. 
At a later date we will send you our findings of which management practices 
reduced lameness most. All results will of course be anonymous and no-one will 
trace results to your farm. 
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Finally, we are recruiting 60 farms that we will visit 3-4 times over the next 
year. We would like these farmers to come and spend one day with Roger 
Blowey to have a training session on foot trimming and recognising lesions. You 
are invited to participate as one of these 60 farms. 
If you are interested in being one of the 60 farms we ask you to 
" record lame cows 
" record foot trimmed cows 
allow US to visit you so that we can 
o record the locomotion of your cows 
o record the environment 
o ask you about your management at the first visit 
o ask you about changes in management at subsequent visits. 
You will be part of a study that is also occurring in The Netherlands, Germany, 
and Poland. At the end of the study we aim to minimise lameness in dairy cows 
throughout Europe. 
Your support of this project is invaluable. We are looking to enrol all herds, 
whether or not you have a problem with lame cows at the moment. 
Please will you complete the attached form if you do NOT wish to be involved in 
this study at all or if you would like to attend the training day. If we do not hear 
from you we will assume that you will record lameness on the attached forms. 
We will send you the next set of forms in March. 
Should you need more forms, please photocopy or contact Dr Laura Green who 
will send you more. 
Please contact me using the details below if you have any queries. 
With many thanks 
Yours sincerely 
Laura Green BVSc MSc PhD MRCVS 
Jonathan Amory BSc MSc PhD 
Tel: 024 765 23797 
Fax: 024 765 24619 
Email: laura. gr n , warwick. ac uk 
See our website at 
http: //www. abdn. ac. uk/-agf102/Lamecow/ 
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LAMECOW - an EU funded project to reduce 
lameness in dairy cows 
I am NOT interested in participating in this study 
I am interested in attending the one day meeting with 
Roger Blowey and participating as one of the 60 farms in 
this study. 
Please circle as appropriate 
Are your address details correct? Yes No 
Please amend any errors 
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APPENDIX B: SECOND LETTER TO FARMERS & TRAINING EVENT INFORMATION 
LAMECOW - an EU funded project to reduce 
lameness in dairy cows 
Dear Sir / Madam 24/2/2003 
Thank you very much for participating in our study for the first month. The study is also 
progressing in Germany, The Netherlands and Poland. 
Please find enclosed the new set of forms for recording the lesions and a stamped, 
addressed envelope for returning those you have used already. If you have had no cases 
of lameness in the past month could you still return one of the blank forms and indicate 
on it that you have had no lame cows this month. 
You will also find enclosed a colour atlas of the different lesions that may help you to 
identify the lesions you see. 
Finally, please find enclosed a form regarding the training events with Roger Blowey. 
Could you please tick the appropriate box to say which evening you would prefer to 
attend and put this in the stamped, addressed envelope provided along with any 
completed lesion recording forms. We have put a section on this form so that you can 
give us more immediate contact details, such as telephone numbers, email or fax and 
also some information regarding the size of your herd and your expected turnout date. 
This information will be very useful for us to coordinate your farm visit, which will be 
in March/April. 
Should you need more forms, please photocopy or contact Dr Jon Amory who will send 
you more. 
Please don't hesitate to contact us using the details below if you have any queries. 
With many thanks 
Yours sincerely 
Laura Green BVSc MSc PhD MRCVS 
Jonathan Amory BSc MSc PhD 
Tel: 024 765 28368 
Fax: 024 765 24619 
Email: jonathan. amory warwick. ac. uk 
See our website at: http: //www. abdn. ac. uk/-aof102/Lamecow/ 
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LAMECOW - an EU funded project to reduce 
lameness in dairy cows 
Training event with Roger Blowey 
"A practical session on the recognition and treatment of 
cattle foot conditions" 6-9pm - first foot lifted at 6.05pm11 
(Protective clothing and clean boots must be worn) 
I am not interested in a training event with Roger Blowey Q 
I would like to attend the following training event: 
Date Venue (. / ) 
Thursday Hartpury College, nr. Gloucester Q 
V' May 2003 
Thursday Myerscough College, nr. Preston Q 
8Th May 2003 
Friday Reaseheath College, nr. Nantwich Q 
9th May 2003 
Wednesday Seale-Hayne Agricultural College, nr Q 
28th May 2003 Newton-Abbott 
Thursday Seale-Hayne Agricultural College, nr Q 
29tß' May 2003 Newton-Abbott 
Your contact details 
Telephone numbers: (day) 
(evening) 
(mobile) 
Best time to call: 
Fax number: 
Email address: 
FARM INFORMATION 
Please could you tell us: 
your total number of milking cows at the moment: 
the expected first day that your cows will be at grass (even just daytime): 
(best guess! ) 
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APPENDIX D: COLOUR ATLAS 
Reference list for claw lesion diagnoses: 
Laminitis seen on the sole surface 
but not including hacm- 
onhage at the white line 
(4), sole ulcer (5) or toe 
Dermatitis at the hod, interdigital 
(DO) cleft and other sites. 
Usually moist and 
painful. 
Can be raised and 
papilliform 
"hirv warts" 
Interdigital Moist inflammation of 
Dermatitis the interdigital space. 
(TDD) Many consider that this 
is DD in R) space. 
spo W 
4 White Lino Haemonhsge. fissure or 
II Diseave foreign body in the (WLD) white line. Advanced a; 1391 l esions ntiy discharge et 
coronary band or may 
under run the sole. 
perforation and/or 
protrusion of 
granulation tissue 
through the sole horn at 
the "typical site" 
6 Rotation Rotation ! overgrowth of 
the medial claw 
7 Interdigital Lump of hard tissue " 
growth protruding into W LM Ir , 
interdigitai apace, often 
with DD (2) or "foul" 
(13) on the surface. 
8 Thick hock Enlargernentofthe 
hock, often with area of 
superficial abrasion. 
ti 
A-20 
172 
9 Axial we Fir ems and =dlr inn 
Aware horn clans axial (imar) 
wall of hoof. sometimes 
with prolap. e o( 
6Tilulatxxn tti00. 
10 Toe ulcer Htwnorrt ge into or 
total ulceration of ode of 
toe ('p t 
1I Sek 
(vertical 
Vertical flown through 
hoof wall which may or 
w ý, 
." 
Assure) may am be under run , 
and cousing lta . a. I 
12 Heel ulcer lyrical black lesion in 
centre of sole lower & 
h"L which may nut mto 
mldetlying abcess in t 
heel. 
13 Foul 
(hl$Aff isttal 
Fissure in the 
Wentgital akin offen MEW 
natobacillo- exposing necrotic dome 
w) beneath. "Super ft l, " 
Kochces extensive 
necrol¢s. 
4iC 
'' 
14 Horizottal Horizontal flown 
wall Bartre ru=t* around hoof ' 
wall. Mild lesions may 
be called "hardship 
grooves". Deep lesions 
load to lameness doe to 
movement of toe horn 
(_dimbhWI 
15 Toe Necr. Deep penetration and 
(pedal bone wider ran ltotn a toe 
noc ow) wich pan6alt odour. 
May be secondary to 
while litte lesion or ulcer 
16 Foreign 
Body 
penetration of sole by 
ant. stone, thorn tooth 
peach*1011 etc. usually producing 
wider inn sole (bit if in 
while line, enter a! 
"caftory 4"). 
17 Other 
Produced at the Universit'" of Warwick for the LU Framework 5 
L. NIECOW project. Photos copyright Roger I31oWcti. 
A21 
173 
cß+! 4 
Auow MOy puo M04 OtJ 
CLno ar3M 
5M03 ate: - zoo) 
. road Isvl uro pauuap 
6u! p ! nq s! 44 VOM 
i»OÄ 4, p/Pw 
s/W -W mir Q4O 
4z0j0 odd/ w! i9 
(a W'4 
J3440 Auo 40 6u! plmq 
$ 41 asn 43043 duo p! 0 
BWYB A1A- DWD+/S 
((Zo-ioo) -4u! M 
sno! na. id 944 6u plmq 
$! 44 pasn M2o49 'P! 4M 
eslOW! uo 'OY 'Y! W 
Cs! au! uo "ou "XOW 
£- ZOZ Ja: U! M 
4sol 6uiplmq s! 4I 
pasn 12045 40! 4M 
Ls4uaw4s! gJn jaa 
4u92aj duo 
uaaq a. +ayt UoH 
(swwaA) 
6u! plmq 
;O 36V 
aucu p. mh 
/ea. m 6u! PI! n8 
=I! oNP OUIPllne 'r 318VI 
(Mo/aq V378Y1 u/Pao. »J aq o4 sj-suD) ýugdatjýýij O31!, ip pip 
i2"4nui+öPT! j !M '4 ý190ý xN e! II! ý sM uoa ss'o+I4 t fý 
ýý ýý 
3 
a 
w 
I 
0 
z H 
W 
w 
z 
H 
oo2Ö 
C 
O 
YO H 
yLÖ 
L '4- .N 
arýh 
E ýw 
04.; o 
Oäht 
Pe 
iUtC 
a EýýEv 
YÖ E 
ýö ö 
I W 
S 
7ö 7t 
Yq 
HG 
Cf 
FýY 
2 
-e IM 
ö 5ý H 
o 
r 
72 
NOýý 
YýC 
O 
C_ 
«Y 
M 
70 
} 
O 
Ö 
Ö 
h 
Od 
Qd 
ud 
YL 
Sý 
O 
OT 
UL 
OWd 
uN3 
$a 
Gö 
Co 0m 
n 
I 
N 
t 
M 
N 
CY 
3 
0 
ti 
O 
z 
w 
ý 
h 
u 
O 
ý 
N 
O 
N 
g3 0 
L 
_ý 
_01 d 
VI 
Ö 
C 
`C 
" 
ý 
u 
WL 
Uw 
ýQ 
Tý 
E 
L `O 
F es, 
ti 
Ö N 
3 8 c ý2 
2 
N 
y 
` 
C 
U GC V 
u 
7 
o 
T 
0 ü U 
sd 
w 
o 
V g ý g r 
E 
L N 
ä ` ý 
QN 
N ýU 
O J y 
OC VI y J Cý ýV.. 
W 
ö 
c 0 v v 
v 
0 
i 
NL 
L7 
Ö L 
} 
NJ 
L 
ö t 
w 
L 
c 
ö ö g 
; c L 
V ` 
8 
Y .2 
'S CL 
t 
L 
I 
3 
VV 
L 
3 
'0 
pd 
J 
N 
d 
2 
WL 
Vw 
cy 
N1 
8 
8 N 
C 
N 
p 
N V 
Ö ; V 
S 
L 
o 
a 
7 
C 
ý ý 
g 3 ý 
W 
N 
D 
s Wýy 
LL 
0 
i 
t 
I- 
NL 
LL L 
L 
N 
U- 
d L M 
lL 
O 
ý ý 
ö ö g 
; 
N 
8 
Y_ Y 
u0 
O 
g 
s 
G 
Ly 
Lr 
lJ 
_N V 
w 
2 
ä 
b 
w 
c 
C 
n. c n. 
O 
g 
p 
F 
_0 -0 N N 
r L 
Z 
3W 
t 
j` N 
2 
Zd 
3 ýý3 
iq ä 
n 
'yý 
j 
T }v T 
ýv. 
H 
ýv 
ti 
2 
y 
Y 
0 
_p 
3 
M 
p 
O 
L 
3 
p 
ý 
N 
Vy 
- 4 
V Y 
L ö 
E = E ä 
o 
E 
y 
L 
o 
+ 
N 
Y 
O 
3 
Nn 
sg 
ýv 8 
N 
TL 
T 
N ty 
p Vv 
7 Lö C 
t 
H Y_ w 
4 C 
Uf 
d 
L 
ý 
n. 
Y 4 
N 
_ C3ý E 
N 
pt ý 
C N I 
W ý tl 
0 
ix 
W 
p 
u 
c 
u 
v 
u 
y, 
23 
0 
Z 
H 
N~ 
S c 
w ö 
zW ö 
T 
T Z 
W M 
ý ' ýc 
gt 
T el 
D 
N_ 
C U1 
"+ 
"3 NN 
Ci 
3N 
sg 
L 
sue, 
N 
Lv 
UQ 
L O 
V 
L N 
ý 
} Ü 
O C 
L 
U 
p 
Vi vý 3 F' 3 £C 
H Ö 
U 
T 7 
d 
C 
i 
N 
E` 
y 
p 
N 
Y ý 
l 
7 
7. 0 
2V 
V 
u 
'i 
r 
ö 
d 
s V 
> i. 
T 
7 
7ý 
- 
L 
N c 
d 
8 7v ö 
3 ; 
ö L 
J U 
h 
ly 
S 
-T 
V ly 
ýn d 
V 3. 
_ 
ö 
S 
ý 
ö 
. - w 1 r' 
s J g Q L 
i 
is 
l wy TýV 
ö 
8ý 
l 
n h4r, 
?f 
0 
0 
Qö 
Z `a 
t c ?ý3 
3 4` 
1 X511 
ý 
CCCýýý `YI C 
w 
g 
r 
ýo N 
M 
a 
0 
& 
ti 
0g °z 
Hýv 
=8in 
U- 
ýo 
J 
Z<ä 
3'. ä 
3ý3 
vW 
TH Icy 
0 
C0 
ýä 
:T 
iL 
Jý 
EE 
r 
a g 
72 
1L 
. L o o 
.5 p 
G 
pý 
{ T L L N 
V- \ 
tl 
ý t ý ý Ö} g 
p 
L ý 
Ö 
V t 
N 
E r 
a 
a ö 
ö 
U 
2 
iw 
ä 
Lu 
d 
L 
t 
O 
O 
Ny-. 
S 
f 
Sp3ý 
O 
S 
Y 
0 
3 
N 
u 
a 
o 
ýL 
E0 t c Lf 
0 
E0 3 Ö 
S 
oE 
8_ Ný 
t 
by 
]N 
V 1- 
L 
t 
2 
N 
S 
0 
Y 
O 
Ö 
E 
3 
c 
e 
s 
ö 4- s w 
0 
9- 
0 0 
's 
Y 
3 
io 
-0 
I 
S 
c 
E 
to 
tY 
d 
13 
.ý ýo 
3 
I 
.o 
b 
0 a 
ýs Eý 
N 
e O 
ýd 
d 
w 
a 0 
w 
a ti 
OS 
2t 
LC 
vt 
ýC 3 
R 
O 
C 
c 
0 
0 
v 
L 
r 
fy 
tN 
O 
3 
(x-ý 
7 
LT 
3L 
T ti 
W 
NQ 
N 
3 
33 wU 
LL) 
N 
O 
t 
> 
u N 
C 
C aE T 
r 
O 
u o ö ö 
T C 
ý 72 1 1 
ö 3 
pc 
of 
N 
oy 
3 
o ýn u+ 
ýV.. 
T ti 
- 
\ y T 
,O 
N N N ! 
8- C Ü c- 
N 
N 0 t 
s 
g C v 
a L t 
x 
N Ü 
C ý u 
S 
N 
C 
N o ý 
C 
O 
s 
- 
L 
N O 
c 
ýn ýi V 1J 
týý 
E 
C 
C 
ö 
0 
a ö 
F 
0 
d 
g 
y 
72 g 
OaI 
NNJ 
a. ý g 
Výw 
30 
ri F' N LU 
O 
O 
t 
8 
C_ 
O 
V 
O 
V 
t 
0 
T 
V_ 
N 
L 
t 
O 
E 
Q 
.m V 
8 N 
C_ 
S 
O 
V 
N 
O 
u 
t 
7 
O 
0 
N 
t 
f 
c 
O 
E 
Vu 
r 
3 
c 
s. 3 
1 
A 
Y CC T M E 
L 
f 
QVV 
ý 
r3 
ýOF 
m1, ß 
NL 
üu 
-5 wc 
mý3 
Ö ; h pj 
CI 
O N L 
O ; 
O 
L 
91 
v E 
1 
1 
-0 E ', i v L v E 
ý° v 
F 
E 
f y 
N ; ; 
w _ 3 _ 3 w 
ý 
t w 
L 
ý_ 
L 
ý_ 
ý 
O N 
,, 
L 
O 
V 
O 
L 
d 
1 
Y 
L 
N 
a 
V 
L 
N 
V 
Y 
L 
N 
; 
`' g 
N 
V 
Ö 
3 
Ö 
3 
tl 
Y 
N 
. V 
N 
. V 
N ý' 
80 
N 
LN 
C 
11. 111 
vy 
rm 
CýN 
LL 
O 
LýL 
yS 
QÖýýwýd 
qL 
tý SO 
E tf CwUU CCQQL 
80FEu o- v 
_ mvýr: 
i0 
gýYh 
Q 
k 8 
w 
g 
h 
I 
V) 
w 
L' 
ý ^w oý 
wQ 
vý w 
.F 
Ö 
_TIT 
M 
X 
yort 
Lr 
J cd 
1JV 
ti 
U 
Svc v_s Vp Vd 
.FVV 
5i 
ýi 
ull w 19 ý5 
öF 
o bgi 
iF 
11. A 
L1 Öý 
rý 
L 
N 
O 
00 
w 44 
vh 
E7 
w tV 
V w[ý 
C_ 
3 
d .. 
,ý 
ti 
z 
W 
C 
F 
ti 
C 
O 
0 
O 
E 
E 
O 
u 
V 
a 
F' 
s 
0 
O 
pOC 
YT ýa 
N 
- CY 
ö 
ýg 
Nd 
_N 
ü 
Y 
OV 
0? 
EE 
vP2g 
! 
yI 
öÜ 
ýD SW t 
a v 
v 
2 
13 
v W0 
T 
Iý 
`s ý 
sr 
ýV 
ww m .ý 
M U 
C 
U 
Op 
ÖýCY 
Jgä 
FI 
3 
ýC 
W 
11.1.1 
:ý 
LIJ 
3 
0 L 
1 
8 
4'. s 
aý 
4- 
0 
w oý ýv 
"o 
ýv 
w ý, r 
92 
0 
L 
tw 
TM 
cu 
uu 
u 
3 
2' P C 
.2 
ö 
(NJ 
CvJ 
v 
hS 
L 
CL 
yU 
lSO 
H 
ýL ýý 
F 
C G 
t 
I- I- 
w 
w 3 
C, 
0 
ý 9 
} 
Y 
y 
zw 
a N 
r, g .c 
ry ti 
v 
v 
v t 
`. 
0 z 
T 
0 
Zt 
el 
2 
3 nq. 
tC 
N 
_G 
W 
Ww TM (L 
b 
w 
C 
V 
a 
w 
o LL 
w 
LU c 
V) 
Ic 
w 
Lö 
L 
d 
1Q~ 
t3i 
,aN 
s. WI w 
I-I 
o 
H LL 
0 2 
ýL 
U 
O yý 
CT 
O 
F 
I- 
s 
0 
N 
Y 
I) 
Yv 
LL 6 
3w 
o 
T0 
N ýgä 
ýN 
ýC 
7ý 
ýC 
8ýy 
I 
O 
cg 
:. 
ri N 
sv 
ý. g 
N N 
V 
Ö 
C 
O 
E 
ý n. 
N V 
E :t 
ö Q 
Q 
E r I 
U 
3 
y 
u 
w 
TM 
O 
Jü 
l 
u } 
F 
LA 
O 
a w 
O 
1 
N 
7. 
ýN 
l 
lJp1} 
L 
OI t 
3 
0 Ü 
iý 
ýý 
L NO 
M1 ýO 
+N 
N_ L 
ýV y 0}i0i, 1 
V 
8 N_ 
N 
i 
t 
N3 
b 
u 
g' 
e 
0 
ý, 
P 
3 
r 
ýi 
_ ÖNÖ 
L 
ö 
Cv 
La 
Tö 
Cv 
I 
I- 
C 
t 
C 
N 
ýL C 
N .OC 
L 
L' 
Ly 
yý7N 
Vy 
LOýOC 
Oc} ýLýLýjýýI OGg ÖVwFC 
Üw 
.ý}OYd 
_tý 
Lr 
'- 
<<Äd<V 
ý= 
dý 
d 
T 
N_ 
N 
O 
v 
F 
T 
0 
9 
Y W 
I- 
I- 
ö 
ä ä 
y 
u 
x 
+ 
t 
V 
w a 
- N 
s 
E Y ä 
a 
u 
0 (D JE 
Y y 
gE 
_v v 
E C v 
1v p 
v 
SÖ 
b 
,ä 
N 
O 
\ 
M . 
ý'.. > T v T ýR 
In 18 'a 3 lacy °i 1 
a. a a a a s c, r_ý 
ti a 
c ZOo 
dt CL 
~CNo 
3i 
NC 
U7 }y 
d7ÜL 
oNY 
g' 35ý 
öýF7 
OA} 
ýoY 
öýWýÜ 
e 
S4ýW yý yý UV oL ýrd vý d 3ý 
Y pj 
$ ög 
8 v 
_O 
r¢4q 
v 
L 
` 
d 
Np 
J 
. 
U 
M 
8 
v 
O 
r 
ýC 
L 
L 
d 
ýLA f- «X 9 
Y 
S 
L t 
L y s 
L 
w 
ý '\ 
ý E ýj 
r 
w ýv r 
V 
tDS W_ W m T pd 
:. 
ü 
v 
r U 
I 
_c 0 
0 
n 
v_ 
33 3 
0 u 
0 
d 
r 
E 
F 
E 
I 
_E 
I 
N 
Fý 
JI 
(fi ü 
E 
a 
0 3 
w 
O 
N 
a 
O 
w 
0 
L 
3i 
YV 
THM 
C 
ta 
Ev 
s gt 
NY `ý 
ýEO 
mt 
8v 
3 
ý. g 
iv 
ý. g 
0-a 
ä 
iCCV 
C 
GL 
vv 
cý c 3\ 
o°ýg S'S0r 
z 
'It X 
0 
Y 
} 
2 
0 GC 
C': T np 
Eý 
Eý 
L 
FC 
0 
C 
O 
0 
O 
L 
f 
C 
H 
0 
Fi 
3 
", 
he 
ö 
Y_ 
E 
EE 
3 
0 
L 
Ö. 
ýö 
0 
U 
L 
C 
IH 
o- 
V 
0 
0 
ä 
t 
N 
8 
8 
t 
C 
U 
U 
N 
V 
t O C - ý 
C 
N 
y 
_ 
t 
ý 
O 
L 
V 
r ,N ý 
O 
ö L 
Y Y Y 
C d 
u 
B 
0 
a 
0 
ýý ý 
0 0 
iý 
i 
rý 
ii 
Ö. 
i 
iý4 
ö2 
ti 
W 
m 
H 
c 
F 
0 
3 
0 
2 Y 
F 
0 
D 
tol 
L 
O 
d 
T 
2 St 
0 0 z 
.2 
LL, 
T 
3 
Ö LU W 
T 
Q 9 
aý 
w 
T 1_ 
t 0 
EE 
w I 
w N 
F 
L N G 
8 o 
N ` 
4 O 
O 
Iýjl 
Md 
Lw 
ýJ 
w 
T 
Lij 
T 
Lli 
N 
S 
t 
u 
N 
CC) 
Sr 
a 
9 
-ý 
C 
LN 
Lli 
S 
V 
N 
o 
1 
I 
s 
a S 
... 
.. .a w 
ö 
U 
n 
a 
$i T 
i 
a N wý 
Z_ 
w 
a 
.9 
Xýse 
ts 
u ý+ to 
CA 9,4. ý1 13 
üSBg3H88888 
. 
r ed e`ýo oao ° '" N '" e 1ý das Ö' Cää CU da 
pOSNNNNNNNNNw A CCLL 
hO 
OaO ýt faOVV 
.uýMya MMMMMMMMV 
NNNNNNNNN 
p 
"ý ouu 
ou 8x 
es 
ebo 
"ý 
hI g'ý 
e JIll 1Be 
'g 
°ý+, 
'ö 
S c' o `3 ö3ü 
E-6 rýbbý 
ýý ää 
N 
8 cl; 
19 
------------- 
op 
z_ 
-------------------- 
q 
----------------- 
WÖ 
0 UW 
0 0.0 
w 
A 
I 
w 
W 
a 
H 
rA 
A 
A 
w 
qi 1. Q 
. e7 vai DA ýs 
aýi 
Q 
ad 
p -, , w w 
ö 
nw Uw 
ý a ý o ý a ýe iö 
ö 
4 0 
P. 0e 
10 @ FUv . wýg v 
Iti 
ä 
I. 
C. U 
921.2.1 
m 
40 0 
NNV 
to 4u , 
° "O F; , ö 5; Ü 
, ww 
c 0e 
ýL 
y U2 ri, '' 
v94 
IM U2 c3 cz 
400 ego 
C .m 
U 
2 C7 102 
wi ä, ä 
9:: 5 ý 
. ff 
0m .2 2E 
, 
Q x 
'Ü U 
C 
iýa 
Farmer name Farm Name Date 
HOUSE LAYOUT RECORDING SHEET HOUSE NAME: 
Please fill in a separate form for each cubicle house: 
Sketch the layout of the house including entrance/ exit points, bedded areas, cubicles if present, 
loafing and feeding areas and water troughs. 
Please record: 
Dimensions of lying areas (length x width) 
Dimensions of passages (length x width) 
Dimensions of feeding/loafing areas (length x width) 
188 
CUBICLE HOUSE HOUSE NAME: 
Please fill in a separate form for each cubicle house: 
What is the total number of cubicles available for use in this house? 
2. Please could you draw the side profile of EACH cubicle type present in this house in the table 
below and indicate the 
number of cubicles of each tvDe below: vl Vl /. YVI\rI , Vl Wtrl 
TYPE I 
ll VGIUn. 
TYPE 2 TYPE 3 TYPE 4 TYPE 5 
cubicles ubicles Cubicles Cubicles 
Cubicles 
3. Please complete the cubicle dimensions table below for all cubicle types in this house (Use diagrams on Cubicle 
Dimensions Diagrams sheet to fill In following section) 
CUBICLE DIMENSIONS TABLE U4I L11.1G1\JI VI\J 1t1000 
itýpe Cubicle TYPE I TYPE 2 TYPE 3 TYPE 4 TYPE 5 
Cubicle design 
Does the cubicle have a: 
Head rail, 
Is it rigid or flexible (RIF) R/F R/F R/F R/F R/F 
Neck rail, 
Is it rigid or flexible (RIF) R/F R/F R/F R/F R/F 
Brisket board 
Bedding retainer 
Side rail, 
Is it rigid or flexible (R/F) R/F R/F R/F R/F R/F 
Cubicle measurements 
What is the distance between ttºe . following (cm)? = 
Front and back of cubicle (A) 
Front of cubicle and head rail (B) 
Front of cubicle and neck rail (C) 
Brisket board and back of cubicle (D) 
Width of cubicle (average of two) (E) 
Height of lowest rail at rear of cubicle 
(G) 
TYPE I TYPE 2 TYPE 3 TYPE 4 TYPE 5 
Height of neck rail (H) 
Height of head rail (I) 
Height of bedding retainer 
Minimum kerb height 
Maximum kerb height 
Cubicle maintenance 
4. How many of the cubicles in the house? 
Are NOT perpendicular to the kerb 
Of these how many are Wider at the head end 
Wider at the tail end 
Have broken side rails With protrusions 
Without protrusions 
Have broken head rails With protrusions 
Without protrusions 
Have broken neck rails With protrusions 
Without protrusions 
Are NOT broken but have protruding parts 
Have incorrectly positioned mats 
Contain foreign objects (examples of foreign objects) 
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PARLOUR AND COLLECTING YARD 
Collecting Yard 
ýWhat is 4u.. 
Length (m) x Width (m) 
ý. hýfl4ý Q 
-the 
coUaýtnýyý (s'ýýmatý tý o % Smooth and slippery 
Good non-slip surface ° 
Rough and damaged surface 
% 
ýg 8i Qf thy, _ 
'ý [d 4n an wet 
Flat 
Sloped 
Flat area and sloped area 
Stepped and flat areas 
Record the presence of any foreign objects on the surface of the collecting yard and 
how many (e. g. nails, 
stones, litter, etc. ) 
Parlour 
ft-- T-4 
Number of clusters: 
Number of places: 
CWhat tune of näýgu3 ýs rt2i[dckon 
Rapid exit 
Side by side (abreast) 
Side by side step-up 
Other (please specify) 
Tethered Stalls (Byre) 
oor 
Concrete (no stones visible) 
Concrete with small round stones protruding 
Concrete with large round stones protruding 
Concrete with small sharp stones protruding 
Concrete with large sharp stones protruding 
Concrete slats 
Other (please specify) 
Herringbone Rotary 
Rapid exit Tandem 
CIA, - hu QliL IAhr"cfN Robotic 
ýýg. ý2ý... ýýýtýºe vaclour (esaýatg. BrýPo "QA Qýý 
Smooth and slippery 
Good non-slip surface 
Rough and damaged surface 
bn 8 on sw 
Yes No 
If "Yes ": Record the presence of any of the following (tick all appropriate answer) 
Rigid gate 
Flexible gate 
Electric wire 
A bell/buzzer 
A> th s 
Step at collecting yard 
Step at parlour entrance 
Step at parlour exit 
Sharp turn at entrance 
Sharp turn at exit 
Multiple exits to parlour 
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FEEDING / LOAFING AREA HOUSE NAME: 
Feed and loafing area 
Feeding area only 
Loafing area only 
th 
Separate yard outside house 
Yard within house 
Feed passage in cubicle house 
fýi/h ; ý. *4f dieýdin8 ýeaZ(iýot already. mFgýaaýa uassa e 
Length (m) x Width (m) 
N, cribe h floor su ac ce öf t ie foediný area (eshmats yropýrti ace_a a 
Smooth and slippery 
Good non-slip surface 
Rough and damaged surface 
mat gm ien MOO -ft _e 
inýäreaý f d&- on enswer) -73 Flat 
Sloped 
Flat area and sloped area 
Record the presence of any foreign objects in the feed area (type and number) 
Yes No 
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CONSERVED FORAGE RECORDING SHEET 
Environmental temperature °C Date 
Weather conditions at the clamp face Direct sunlight 
Shaded 
Raining 
Dry 
Clamp Silage 
Please complete the table below for each clamp (e. g. grass, maize or whole crop silage) 
CLAMP (contents) 2. 3. 
Type of clamp (Through, covered, in building) 
Dimensions (m) Height 
Width 
Length 
Depth silage exposed (M) 
Depth of dark layer at top of face (cm) 
Presence of mould on clamp face 
(I =None, 2=Few/small patches, 3= lotsRa e area) 
Firmness of silage face 
(I =Hard, compact, 2= Soft, loose) 
Tidiness of clamp floor area 
(I =no loose silage, 2 =little loose silage, 3=some loose 
silage, 4=large quantity loose silage, some old 5= excessive 
loose silage, lots old and rotten) 
Temperature measurement I 
Temperature measurement 2 
Temperature measurement 3 
Temperature measurement 4 
Temperature measurement 5 
Average temperature 'C 
Big bale silage 
Please record proportion bales with damaged plastic % 
ýieý. Poiýºtý4f note- {phase söeclýyj; 
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APPENDIX H: SUMMER OBSERVATIONS RECORDING FORM 
Summer Direct Observation Form 
Visit 2 
TRACKS 
Track length: (m) 
(if there are none put 0 m). 
e averaýý výncith o die 100m 43 to_ the farmyard of the iuruose built rack 
Track width: (m) 
orpu rose built track onl% infiirst 100 yard)) 
1 usiýbe thcliýZcaýý 4f tk. r¬ 
(tick one answer) 
Flat surface 
Clear crowning of surface 
Evidence of poor drainage (pits, puddles, etc. ) 
s the surface of these tiracks made from 
(tick each answer that 
applies) 
Proportion of track 
Dirt 
Grass verge 
Sand 
Stones/hardcore 
Concrete 
Tarmac including road 
Wood chi in s 
Rubber mats 
Other (please specify) 
there any tonkeýggg Fieýg Ptrackslwallantý surfacthin the äýarest iQQý 
(tick each answer that applies) 
None present 
Small rounded stones (<3cm diameter) 
Small sharp stones (<3cm diameter) 
Large rounded stones (>3cm diameter) 
Large sharp stones >3cm diameter 
2w uld öew back wal . 
(tick one answer) 
Generally good condition 
Average condition 
Generally poor condition 
pý. ºxshý. f4l4re nOUm toý""ý`ýth (tick one answer) 
Stone traps 
Unexpected episodes of cow dunging 
Sharp turns on track 
the layout and give dimensions for the first 100m of cow walkways below indicating man-made 
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GATEWAYS 
Check threegatewaysfor their condition 
th º_ Y ý2 1`º S Pi e Qatewavsi 
(tick each answer that applies) 
None present 
Small rounded stones (ßcm diameter) 
Small sharp stones (<cm diameter) 
Large rounded stones (>3cm diameter) 
Large sharp stones (>3cm diameter) 
RO-N c111! ou descxibýthe_oondidoto she Qatýv yý]' 
(tick one answer) 
Generally good condition 
Average condition 
Generally poor condition 
FIELDS 
(tick each answer that applies) 
By fences/walls 
By hedges 
Do hedges contain thorns? Yes No 
By electric fence 
Ditch 
Other (please spec) 
'atýaii'ýnts likgel - (tick one answer) 
Flat 
Most of field flat 
Some flat and some sloped 
Most of field sloped 
All field on gentle slope 
All field on steep hill 
Lfl 
, nQtý6please spec): 
14.15.1115 ESSENTIAL THAT OTHER IMPORTANT QUESTIONS SUCH AS GROUP SIZES, 
BREEDS, MANAGEMENT PROCEDURES, ETC. SHOULD BE RECORDED ON THE REC 
SOP RECORDING SHEET 
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APPENDIX 1: LETTER TO VET 
I GO W 
West Hill Veterinary Practice 
West Hill 
North Moor 
Warwickshire 
CV 12AB 
16 May 2007 
Dear Sir/Madam 
RE: EU Lamecow Project 
As you are probably aware, your client Mr Farmer has been recording cases of 
lameness for the Project for the past 3 years. The farm has also been visited on 7 
occasions to assess the risks for lameness and locomotion score the cattle. 
The second part of the programme is to instigate the findings of the first years of the 
project and in addition to make recommendations to reduce lameness in the future. 
The Warwick team, including Roger Blowey, will visit your client's farm over the 
next six months to do this. A list of recommendations will be left on the farm. 
The purpose of this letter is to ensure you are aware of what is happening. Our 
recommendations should in no way influence any of the advice you would normally 
give in your daily work. 
If you have any queries, please contact any members of the Warwick team on the 
phone numbers given below. 
Yours faithfully 
Zoe Barker 
Roger Blowey 
Joanne Wright 
Jonathan Amory 
Laura Green 
Ecology and Epidemiology Group 
Department of Biological Sciences 
University of Warwick 
Coventry, CV4 7AL 
Tel: 024 765 28368 
Fax: 024 765 24619 
Email: z. e. barker(a warwick ac uk 
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APPENDIX 
J: PRE-INTERVENTION VISIT INFORMATION 
Farmer/Herdsman: Mr Farmer 
Farm Name: Church Farm 
Address: East Hill, North Moor, Warwickshire, CV1.2CD 
Farm Level Data 
Avg Mean Mean Mean Propn 
Herd Loco Clean Hock Loco WLD DD 
Size Score Score Score Score 3 SU Rate Rate Rate 
Farm Avg 254 1.91 2.55 1.40 17.50 15.42 25.80 9.75 
Study Avg 107.30 1.75 2.26 1.28 9.57 6.69 6.15 6.531 
Parlour Type: Herringbone 18/18 
Current footbathing routine: CuSO4 Once a week 
Cubicle training: Hf Reared in cubicles 
Standing time at milking: 21 Omins 
Group Level Data 
Nn Nn No. No. Min Max Auto 
Area Cows in No. Cubicle/ Cubicle Bedding Passage Passage Scrapers il 
Name house Cubicles Cow Base Type Width Width Y/N 
High 
Yield 189 172 0.91 Concrete Sawdust 2.12 4.1 No 
Low 
Yield 23 27 1.17 Concrete Sawdust 2.71 4.71 No 
Dry 
Cows 32 27 1.19 Concrete Sawdust 2.71 4.71 No 
Tot Lying Non NonLying 
Tot Space/ Lying Space/ Lying Space/ Separate 
Area Space Cow Space Cow space Cow Loafing 
Name sm sm sm sm sm sm Yards 
High 
Yield 780 4.14 475 2.52 411 2.18 Yes 
Low 
Yield 240 10.43 68 2.96 135 5.87 No 
Dry 
Cows 240 7.50 68 2.13 135 4.22 No 
Feed Feed Average Footbath 
Area Space Space/ Faecal Used 
Name m Cow m score Y/N 
High 
Yield 135 0.72 2.47 Yes 
Low 
Yield 17.5 0.76 2.3 Yes 
Dry 
Cows 17.5 0.55 2.38 Yes 
Comments: 
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APPENDIX K: OVERALL IMPRESSIONS SHEET 
Farmer/Herdsman 
Farm Name 
Date of Visit 
Name of Recorder 
General Farm impressions 
Target Area Very 
Poor 
Poor Adequate Good Very Good 
Hygiene 
_ Cow comfort 
Standing times 
Floor quality 
Animal movements 
Footbaths 
Transition period 
Comments: 
Impressions of farmer/ herdsman and response to interventions 
Negative Neither Positive 
General attitude of the farmer 
No Control Some Total Control 
Control 
Level of control of farmer/ 
herdsman spoken to 
Enthusiastic OK None or 
detailed Some negative 
interaction interaction interaction 
How well was 
recommendation received 
Yes Don't know No 
Does the recorder think the 
recommendations will be met 
Comments: 
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APPENDIX L: OVERALL IMPRESSIONS OF VISIT 
EU LAMECOW - KEN HEDGES, MANOR FARM 
The farm already has a very low incidence of lameness. The following points are made 
as an additional explanation of the main summary sheet. 
1. Cows exiting from the parlour have to make a sharp turn and then step down. The 
combination of an increase in load bearing on the foot and a swivelling on the hoof 
will give additional pressure and this will predispose to hoof lesions. A strip of 
rubber belting would fit extremely well along the lower concrete on the exit from the 
parlour. 
2. Digital Dermatitis. You are fortunate in that you are one of the few herds without 
digital dermatitis. The only way to be reasonably sure of not getting any infection is 
to stop buying in stock, or at least only buy from known digital dermatitis free herds 
(and there are very few of these! ). General hygiene, i. e. visitors disinfecting boots 
and you disinfecting your own boots if you visit other farms, is also important. 
Sheep and contractors, especially slurry spreading, represent additional risks. 
3. One of the causes of increased hoof lesions is trauma to the foot and this can be 
minimised by encouraging cows to lie down. Your mats are certainly good and will 
provide comfort, but I would prefer to see more bedding (e. g. a minimum of 15mm), 
to encourage cows to lie down even more. Any surplus straw would move out into 
the passageways, thereby soaking up some of the excess liquid and this would also be 
an advantage. 
4. Treatment of lame cows. Use of blocks increases the speed of healing, it returns the 
cow more rapidly to normal milk production, minimises weight loss and the hoof 
produced on the non-weightbearing foot is of better quality. Use of blocks was 
discussed. 
5. Increased use of cubicles by heifers might be achieved by: 
a. Removing the blind ending passage, by taking out the far end cubicle and 
allowing cows to move from the cubicle passage into the feed area at the far end 
of the shed. The missing cubicle could be made up by filling in the cubicle at the 
near end of the shed. 
b. Heifer cubicle training is a big advantage. The main hoof problems originate at 
calving, in that heifers that spend excessive time standing around the time of 
calving are likely to develop hoof lesions (sole ulcers and white line disease) 2-3 
months later. If your heifers could be trained to use the cubicles well before 
calving, then this would be a big advantage. Suggestions made included: 
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- construction of cubicles in the heifer rearing shed 
- bring heifers into the cubicles during the summer months, when the 
cows are not using them 
- mix heifers with milkers for 2 months prior to calving, so that they 
will have already adapted to the cubicles (this was your preferred 
option). 
6. The concrete track running out to the pasture was good, but as with any track, it is 
important that you keep it regularly brushed to ensure there are no stones on it. 
- if the field end of the track could be raised, so the cows had to step up 
onto it, that would also be an advantage, as it would reduce the 
number of stones carried onto the concrete when cows return from 
grazing. 
- there is enough space on the left-hand side of the gateway to construct 
a compacted chalk track for the cows. Tractors would have enough 
space to pass along beside it. 
7. Use of biotin at 20mg/cow/day reduces white line lesions. This can be incorporated 
into the concentrates. 
If any of the above recommendations are not clear, please phone the Lame Cow office on 
the above number and we will contact you. 
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APPENDIX N: SUMMER & WINTER RISKS 
Winter risk factors 
Farm Name 
Date of Visit 
iVIIIRIIIy tUuLII1e 
Cow flow Y/N 
Parlour exit width is adequate for number of cows leaving parlour (6' ) 
Cows flow into collecting yard from the back and entrance is wide enough 
Width parlour entrance: Width CY entrance: 
Cows exit parlour in a straight line 
Y 
There is pooling in the collecting/dispersal yard 
There is rough concrete in collecting yard 
There is rough concrete in parlour 
Collecting yard floor is grooved 
Parlour floor is grooved 
Parlour exit is grooved 
There is rubber in the collecting yard 
There is rubber at the parlour exit 
There is rubber in the parlour 
Standin times Minutes 
How long are the cows shut in the collecting yard before milking 
How long are the cows shut in the dispersal yard after milking 
How long does milking take 
Y/N 
Are the cows milked in groups 
H jene Y/N 
Collecting yards are scraped before milking 
F Y/N 
or quality YIN 
There is rough concrete in loafing yard 
Feed/loafing yard floor is grooved 
There is pooling in the feeding/loafing yard 
There is rubber at the feed face - 
Standing Times YIN 
Out of parlour feeders are in and open area of yard and do not cause a blockage 
Cow Flow 
Feed passage/yard has 2m per cow standing plus 2m passing space. 
Milkers Cubicle House 
rassage ways in milkers house are 10' (3m) or more wide 
There are no blind ended passage ways in the housing 
Cows can access all of house immediately after return from parlour 
(i. e. no areas of the house are restricted causing blind ends etc) 
/N 
Floor Quality YIN 
Any slatted areas level and flush with surrounding concrete 
There is pooling in the cubicle house 
The milkers house floor is grooved 
Cow comfort Y/N 
Cubicles are free from foreign objects 
Cubicle base is level 
There are mats/mattresses in cubicle beds 
Milkers bedding depth is adequate. 
Loose straw, 10kg/cow; Straw on cubicle, 60mm; Straw on cubicle with mat, 15mm; Sawdust on cubicle 
with(out) matt, 10mm; Sand on cubicle, 1 00mm. 
Brisket board present at correct position (5'8"-5'10") 
Brisket board required (5'8"-5'10") 
Cubicles are correct length (-7'6") 
Lunging space is adequate (1.5m in front, less ok if space to lung at side) 
Side rail is at correct height (-20") 
Standin Times YIN 
Feed space per cow is adequate (0.8m/cow) *measure amount again: 
Number of cubicles per cow is adequate (10% more cubicles than cows) 
Number cubicles 
Number cows 
Stocking density in loose housing is adequate (above 7sqm/cow) 
H jene Y/N 
Scraping around OP feeders is adequate number of times/day: 
There are large quantities of slurry/manure at parlour exit. 
Milkers house is scraped at least twice daily 
1Ventilation YIN 
House doors are left open for ventilation 
Sides of house are open/semi- open 
ury cow nouse 
Floor Qualit Y/N 
There is pooling in the dry cow house 
The dry cow house floor is grooved 
Cow comfort 
Dry cow bedding depth is adequate Y/N 
Loose straw, 10kg/cow; Straw on cubicle, 60mm; Straw on cubicle with mat, 15mm; Sawdust on cubicle 
with(out) matt, 10mm; Sand on cubicle, 100mm. 
idin Times YIN 
sage ways in dry cow house are 10' (3m) wide 
H iene YIN 
Dry cow house is scraped daily (unless very low stocking density) 
Heifer cow house 
Cow comfort Y/N 
Heifer bedding depth is adequate 
Loose straw, 10kg/cow; Straw on cubicle, 60mm; Straw on cubicle with mat, 15mm; Sawdust on cubicle 
with(out) matt, 10mm; Sand on cubicle, 100mm. 
ruuLudm by aria lameness control Uir 
Footbathing of milkers is adequate (5x week 4% form) 
Position of footbath is adequate (more than one parlour side away from parlour 
exit, level etc) 
Footbathing of dry cows is adequate (1/week) 
Footbathing of heifers is adequate (1/week) 
Footbath is permanent/ concrete 
Footbath has ridges 
YIN 
If DD lesions are treated and covered. 
Foot trimming reactive only 
Foot trimming is preventative and reactive 
Frequency of preventative trimming 
Blocks used on cows with lesions 
Hospitalise/Isolate severely lame cows in straw yard 
Transition/Integration into milkina herd Y/N 
Heifers are trained in cubicles for 2 or more weeks in summer when cows out 
Heifers are reared in cubicles 
Heifers are exposed to concrete before enter herd 
Heifers are mixed with dry cows before enter herd 
Heifers are introduced to milkers and milking routine for 2-3 weeks before calve 
Concentrate intake is less than 12kg/cow/day in HY cows 
Max amount of concs fed to HYnot reached till 3+ weeks post calving 
Fresh calves cows are housed in a separate maternity group 
A transition diet is fed: to d cows / heifers / both `circle 
for how long before calving is it fed 
Heifers are housed with: dry cows / milking cows / heifers only *circle 
Other 
Biosecurity Y/N 
Is farm a closed herd 
Are bought in sheep footbathed when arrive on farm 
Is 4 weeks left between sheep and cows grazing the same pasture 
Biotin Y/N 
Biotin is included in the ration at 20mg/cow/day 
Summer risk factors 
Farm Name 
Date of Visit 
mnnully IUUlllli 
Cow flow Y/N 
Parlour exit width is adequate for number of cows leaving parlour 
Exit width: 
Number of cows leaving parlour at once: 
Cows flow into collecting yard from the back and entrance is wide enough 
Enterance width: 
Cows exit parlour in a straight line 
IN 
There is no pooling in the collecting/dispersal yard 
There is no rough concrete in collecting yard 
There is no rough concrete in parlour 
Collecting yard floor is grooved 
Parlour floor is grooved 
Parlour exit is grooved 
There is rubber in the collecting yard 
There is rubber at the parlour exit 
There is rubber in the parlour 
Standing times Minutes 
How long are the cows shut in the collecting yard before milking 
How long are the cows shut in the dispersal yard after milking 
How long does milking take 
Y/N 
Are the cows milked in groups 
Maximum size of group: 
Tracks/Walkways 
YIN 
Track/walking surface is free from pooling/ muddy areas 
Track is not on a steep slope 
There is rubber on the tracks 
